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at Indiana-Kentucky Electric 
Corporation’s Clifty Creek Plant a 





Rooftop installation of Allis- 
Chalmers 1500-hp, 4000- 
volt, 1185-rpm weather-pro- 
tected motors. This is one of 
twelve Allis-Chalmers motors 
giving dependable service 
driving forced-draft fans at 
this modern new plant. 


Allis-Chalmers 250-hp 
flange-mounted motor driv- 
ing plant air compressor. 
This unusually economical 
mounting method for such 
a large motor can be at- 
tributed to Allis-Chalmers 
experience in motor appli- 
cations throughout the elec- 
tric power industry. 


Three of eighteen Allis-Chalmers 2500-hp, 
4000-volt, 3580-rpm two-pole motors driv- 
ing boiler feed pumps at Clifty Creek. 


es 


A wide variety of Allis-Chalmers motors furnish 
most of the major auxiliary drive power at Clifty 
Creek Plant near Madison, Indiana. Allis-Chalmers 
motors are driving plant air compressors, coal han- 
dling equipment, forced-draft fans, boiler feed pumps 
and many other pumps. 

The Allis-Chalmers motors at this Indiana-Ken- 
tucky Electric Corporation installation are just a few 
of the complete line of motors Allis-Chalmers builds 
for power plant service. Contact the Allis-Chalmers 
district office in your area, or write Allis-Chalmers, 
Power Equipment Division, Milwaukee 1, Wiscon- 


sin, for complete information. A-4956 


Now, You Can Get Even Greater Winding Protection 


with SILC O-FLEX 


all-silicone-rubber motor insulation. Available only on Allis-Chalmers 
motors — in many of the larger sizes. Ask your A-C representative 
for the facts about this revolutionary new insulation system. 


Sileo-Flex is an Allis-Chalmers trademark. 


as ALLIS-CHALMERS 
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THE COVER: Batwing antennas 
being assembled for testing prior 
to installation atop tower. These 
VHF low and high channel tele- 
vision antennas radiate high 
power signals on channels 2 
through 13. Each one provides 
@ means of radiating aural and 
visual signals with definite gains 
and predetermined horizontal 
and vertical radiation patterns. 
Story on page 304. 
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Seamless aluminum sheath Single color coded glass braid 


Binder tape 


lick temperatures 
up to 392° F 


and eliminate conduit 


Stranded 
Okoloy coated 


copper conductors 


with OKOTHERM aluminum-sheathed cable 


Heat and flame resistance. Direct flame on the in- 
dividual conductors will not cause circuit failure. 


Eliminate conduit and pulling problems. This small 
diameter, light-weight construction can be bent to a 
radius of 6 times the cable O.D. with standard conduit 
tools. It reduces installation costs, and provides a 
compact, neat construction for congested areas. 
Moisture-proof installation. Even without its water- 
tight seamless aluminum sheath, Okotherm insulation 
itself has excellent moisture resistance. 

Standard fittings available. Moisture- and heat- 
proof connectors are available through Thomas & 
Betts Company distributors. 

Use regular installation methods. Okotherm-insu- 
lated conductors are handled just like familiar, rubber- 
insulated wire. The individual conductors can be readily 


@a insulated cables 


fanned out, trained and terminated. 


Resists corrosion. Corrosive gases, aromatic solvents 
and many other chemical products do not harm the 
aluminum sheath. 

Range of design. #19 Awg through #4/0 Awg 
stranded, up to 61 conductors depending on their size, 
can be supplied with seamless aluminum sheath. Pres- 
ent manufacturing facilities permit lengths up to 500’. 
Okotherm insulation, compounded 

from silicone rubber, is a thermosetting 

material with an eight year successful 

service record. It is especially useful 

in power plants, steel mills, pulp and 

paper mills, oil refineries, petro- OKOTHERM 
chemical applications. For additional chuninum-chesthed cable 
detailed information, write for Bulletin 

EG 1088 to The Okonite Company, 

Passaic, New Jersey. 
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DC-to-30MC 
Oscilloscope retains 
GENERAL-PURPOSE 


Leading edge of pulse displayed on 0.02 yusec/cm sweep 
shows clean response of the Type 541 with the Type 53/54K 


Plug-In Unit. 


Noise generated by a 1-megohm carbon-film resistor with 
45 v de applied, displayed on 2 msec/cm sweep of the 
Type 541 with the Type 53/54E Plug-in Unit at 50 uv/cem 


sensitivity. 


No longer do you require a highly specialized oscilloscope for 


your high-speed pulse applications, These applications are now 


capably handled with an oscilloscope that has general-purpose 


qualifications, too... the Tektronix Type 541. 


The Type 541, although priced lower than specialized in- 


struments, combines an extremely wide sweep range and the 


inherent characteristics of the high-speed oscilloscope with a 


flexibility possible only through interchangeable plug-in pre- 


amplifiers. You can apply the Type 541 to all ordinary and 


many unusual tasks with complete confidence. In the many 
areas covered by this versatile instrument your time and ampli- 


tude measurements will be accurate, your waveform displays 


will be true. 


Vertical -amplifier characteristics. With 


the Type 53°54K Plug-in Preamplifier, fre 
s dc to 30 me 

onds. Sensitivity is 0.05 v/cm 

n 9 calibrated steps. Input capoci 


risetime is 


5 2 f direct, 8 uwuf with 10x probe 


Triggering facilities. Amplitude-level selec 


tion automatic triagering and high-fre 


quency sy n addition to all standard trig 


agering mode 


ENGINEERS — 
interested in furthering the 
advancement of the oscilloscope? 
We have openings for men with 
creative design ability. Please 
write to Don Kepler in Portland, 
Oregon or contact him at Com- 
modore Hotel, New York, 
during the I.R.E. show. 
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NEED SWEEP DELAY? The Tektronix Type 
545 offers flexible sweep delay in addition to all 
the characteristics of the Type 541 
rately calibrated from 1 j.sec to 0.1 sec-—can be 


Delay is accu- 


operated in the conventional manner, or triggered 
for jitter-free display. 


Sweep characteristics. Linear sweeps from 
(600,000,000 - to - 1 
calibrated 


0.02 psec to 12 sec/cm 


ratio), with 24 steps from 0.1 


sec/cm to 5 sec/cm. 5x magnifier is accu 


rate on all ranges. 


Display characteristics. Full 4-cm by 10-cm 
near display, 10-kv accelerating potential 


writing rate of 250 cm/sec 
Versatility. Available plug-in units provide 


for low-level dc differential and micro-sen 





CYpress 2-2611 


sitive applications in addition to fast-rise 


applications. Plug-in units covering many 


other applications are ready for production. 


Type 541— $1145 
Type 545— $1450 


plus price of desired plug-in units 


Type 53/54K Fast-Rise Plug-in Unit. .$125 





Prices f.0.b. Portland (Beaverton), Oregon 


See these and many other oscilloscopes at the Tektronix 
exhibit, booths 129 and 131, March IRE show. 


Tektronix, Inc. 


P. O. Box 831, Portland 7, Oregon 
Cable: TEKTRONIX 
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ie is one of the most re 


spected names in the electrical industry. For more than fifty 


years Sangamo meters have measured electricity with great 
accuracy, have required little maintenance, and have been easy 
to test and repair. Meters and associated equipment are made 


in the Sangamo Electric Company plant in Springfield, Illinois 


They safeguard performance through good design for each 
requirement, individual tests at various stages of manufacture. 
and careful selection of materials. Natvar 400 Extruded Viny!| 
Tubing and Tape are used because of their uniformly good 
electrical and physical properties—particularly the ability to 


resist heat, oil. corrosive atmosphere and abrasion. 


All Natvar flexible 
insulations are uni- 
formly dependable 
no matter where or 
when purchased. 
They are available 
either from your Natvar Products 


wholesalers’ stock or ® Varnished cambric—cloth and tape 
, Varnished canvas and duck 

direct from our own. Varnished silk and special rayon 

Varnished—Silicone coated Fiberglas 

Varnished papers—rope and kraft 

Slot cell combinations, Aboglas® 

Vinyl coated — varnished —lacquered 


, tubing and sleeving 


Extruded vinyl tubing and tape 
Styroflex(®) flexible polystyrene tape 
= N A T VA R Cc 9° R P R AT I ON ® Extruded identification markers 


Ask for Catalog No. 23 
FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
RAHWAY 7-8800 NATVAR: RAHWAY, N. J. 


203 RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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For DC Power Applications... 


NEW PERKIN 50 KW Standard 
GERMANIUM RECTIFIER UNIT 


FEATURES : Bs 
Through the unique characteristics of 


be series or parallel connected germanium, the new Perkin Mode! G125- 
400 50 KW Germanium Power Unit 
offers extremely high efficiency and a 
low installation and operating cost. 


This unit is ideally suited for such 
applications as: Municipal DC to AC 
conversion programs, DC Motors and 
controls, magnetic devices, brakes, chucks, 
clutches, lifting magnets, in place of 
mercury-arc, ignitron or mechanical 
rectifiers, electro-chemical and other 
general industrial DC power applications. 


A key feature of this model is the fact 
that two or more units may be connected 
in series or parallel and operated at 

one time for higher voltage and amperage. 


Perkin also manufactures other heavy duty 
rectifier units (selenium and germanium). 


Send your specifications to Perkin for 
prompt recommendations and quotations. 


SPECIFICATIONS: 


A.C. INPUT: 230/460 V., 60 Cycle, 3 Phase 
D.C. OUTPUT: 115-125 Volts @ 400 Amperes 
Available also connected for 
62.5 V. @ 800 Amperes 

CONTROL: Air Circuit Breaker 
VOLTAGE REGULATION: 5% No Load to Full Load 
DUTY CYCLE: Continuous 
RIPPLE: 5% RMS 
EFFICIENCY: 94% 
POWER FACTOR: 95% 
COOLING: Forced Air Cooling 
METERS: Ammeter 
WEIGHT: 1200 Lbs. Approx. 
FINISH: Gray Wrinkle Baked Enamel 
CONSTRUCTION: Floor Standing Cabinet 
DIMENSIONS: 34” W x 30” Dx 52” H 








Y ENGINEERING CORPORATION 


ran; PERKIN 


Model G125-400 
50 KW Germanium power supplies 345 KANSAS ST.+ EL SEGUNDO, CALIF. 


Rectifier Unit ORegon 8-7215 or EAstgate 2-1375 
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Successive 

traces of 

waveforms 
ciated 


FOR 
TRACES 
THAT 


STAY 


SAVE VALUABLE TIME 
AND WASTED FILM 
Transients need not be photographed unless a permanent 
record is required for your files. When such a record is 
required, photography is greatly simplified, because 
HucGues Propucts all displays occur at the same brightness regardless of 
announces the differences in writing speeds. Therefore a single camera 
exposure setting is sufficient 

MEMOTRON —/irst } 

me The MEMOTRON will display and retain successive writings. 
in a series of d Ihe tube will also store reference lines for convenient 
lirect-display cathode data analysis. Ideal for plotting curves, the MEMOTRON 
will write speeds varying from zero to 44-inch per 


, ) » teshoe . } 
ray storage tubes availabl. microsecond, with all portions of the traces retained at a 
} j rm brig . 
jor laboratory and ‘ constant, uniform brightness. 


TyPoTRON —a character display storage tube —is another 
item in the line of Hughes products. Our applications 
engineers invite your inquiries concerning specific uses of 
these tubes. At the 1 R E Show visit our booth, Number 753, 
storage tubes capture { and watch demonstrations of the MEMOTRON 

and other storage tubes. 


industrial applic ations. 


MEMOTRON direct-view 


and retain waveforms visibly 
: GENERAL SPECIFICATIONS 


until you erase them 
intentionally. Now NRITIN 
non-recurrent phenome na 

can be held and 

studied direc tly on the 


viewing screen. 


HUGHES PRODUCTS | 


A DIVISION OF THE HUGHES AIRCRAFT COMPANY 
—— 
Please write for descriptive literature 
MEMOTRON 
PRODUCTS DIVISION 
HUGHES AIRCRAFT COMPANY 
International Airport Station 


Los Angeles 45, California 
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INDUCTROLS* 
| profitable industrial 
voltage regulation 
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Assure customer satisfaction; install G-E Inductrols* on your equipment 


Performance of electronic equipment 
depends upon proper voltage 


ta oemgeegeromemen gene gen, 








A G-E INDUCTROL 
FOR EVERY NEED 


AUTOMATIC INDUCTROL— 
Applied where constant voltage 
is desired, as on radar equip- 
ment, electronic computers, 
induction heaters, rectifiers, 
welders. Inductrols are avail- 
able for single- or three- 
phase circuits, 600 volts and 
below. 


HAND- OR MOTOR-OPER- 
ATED INDUCTROL— Provide 
stepless variable-voltage out- 
put over any desired range. For 
testing, heating, or illumina- 
tion control, and similar ap- 
plications. Single- and three- 
phase—600 volts and below. 


INDUCTROL POWER PACK— 
This is a load center unit sub- 
station for a-c power and 
lighting service. Unit includes 
a transformer, Inductrol, circuit 
breakers, and distribution 
panel board. Generally ap- 
plied in three-phase circuits 
600 volts and below—-indoor 
service. 


Yes, even small variations in the voltage supplied to sensitive elec- 
tronic equipment can result in inaccurate operation, inefficiency, 
and drastically reduced life (a 10% overvoltage can reduce vacuum 
tube life by 70%!). However, many users do not realize they have 
a voltage problem, and when their electronic equipment fails to 
operate properly, the reputation of the original equipment manu- 
facturer usually suffers. 

G-E Inductrols (induction voltage regulators) provide a reliable, 
economical means of maintaining rated utilization voltage without 
introducing harmful waveform distortion. Installed on your equip- 
ment, G-E Inductrols assure proper operation even under adverse 
voltage conditions. Inherent high short-circuit strength and elimina- 
tion of brushes make G-E Inductrols a simple, economical solution 
to voltage problems. 

For complete information and application assistance, contact 
your nearest General Electric Apparatus Sales Office, or write 
Section 425-2, General Electric Company, Schenectady 5, N. Y. 


*G-E Induction Voltage Regulators 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





and not an 
Aerial Cable in 
the group! 


From the viewpoint of a distribution superin- 
tendent, this is a pretty sad and pretty numbing 
picture. It shows vividly what nature can do when 
the conditions are just right. Here, if any place, is 
an ideal location for a Simplex Neoprene-Jacketed, 
Self-Supporting Aerial Cable. 

It is at times like these that Simplex Self-Sup- 
porting Aerial Cables dramatically present their 
dependability. They have a dependability factor 
almost as high as cables in underground ducts. 
Even if whole trees fall on them, their strong 
copperweld supporting messenger will keep them 
from breaking. Because they are insulated, the 


public is not endangered by exposed open wires. 

Even if you never have had a storm like this, 
you still need Simplex Self-Supporting Aerial 
Cables because they reduce your tree-trimming 
costs. Swaying branches are no problem for the 
neoprene-jacketed, Anhydrex-insulated conductor. 
Special tree wire is unnecessary. They raise the 
utility in the estimation of its customers by pro- 
viding a neat, good-looking package. 

Simplex Self-Supporting Aerial Cables are easy 
to splice and tap, and they are readily identified 
as to phase. Their long service life recommends 
them most highly to budget-conscious distribution 
engineers. 

If you would like to know how to save money by 
spending a few dollars for Simplex-ANHYDREX 
Self-Supporting Aerial Cable, simply address the 
nearest Simplex branch or the address below. You 
will be most happy that you did. 


Self-Supporting Aerial Cables 


SIMPLEX WIRE & CABLE CO., 79 Sidney Street, Cambridge 39, Mass. 
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““We prevented Field complaints 


and motor Burnouts — by protecting 
our sewing machine drive motors 
with FUSETRON FUSES.’ 


“By 1949, increased sewing machine speed and stepped- 
up production tempo were putting an added burden on the 
drive motors we make for Singer Sewing Machine Co. 


“It was necessary to find a more effective way to protect 
these industrial sewing machine motors — otherwise, we 
might expect increasing motor burnouts and field com- 
plaints. 


“An extensive test was conducted on the application of 
Fusetron dual-element fuses of motor-running protection 
sizes. Our investigation showed that Fusetron fuses, be- 
cause of their time-lag, would hold the motor starting 
current. They also would absorb the current surges result- 
ing from starting the sewing machines 40 or more times 
per minute. 


“In addition, Fusetron fuses would safely take the motor 
off the line if the branch circuit was single phased. We were 
particularly interested in this finding because we knew 
this type of power supply fault could give us a lot of 
trouble. 


“On the basis of our tests, we decided to provide indi- 
vidual Fusetron fuse protection as standard equipment. 


“As we expected, this decision practically eliminated 
motor burnouts and prevented field complaints.”’ 


R. D. Tugalls, 


CHIEF ENGINEER 
DIEHL Mfg. Co. 
Electrical Division of 
The Singer Manufacturing Co. 
SOMERVILLE, N. J. 
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You too, can eliminate 


Protection Troubles with 
FUSETRON FUSES... 
They provide 10 point 


protection. 


High interrupt capacity — protect against heavy 
short-circuits. Have proven on tests to open 
safely on circuits set to deliver in excess of 
100,000 amperes 


Protect against needless blows caused by harm- 
less overloads. 


Protect against needless blows caused by ex- 
cessive heating — lesser resistance results in 
cooler operation. 


Provide thermal protection — for panels and 
switches against damage from heating due to 
poor contact. 


Protect motors against burnout from overloads. 
Pino ; eh jue 
rrotect motors against Durnout due 
phasing. 


Give DOUBLE burnout protection 
motors — without extra cost. 


Make protection of small motors sim; 
inexpensive. 


Protect against waste of space and money — per- 
mit use of proper size switches and panels. 


-rotect coils, transformers and solenoids against 


T 
‘ 
burnouts. 





FOR LOADS ABOVE 600 AND 
UP TO 5,000 AMPS.,... Use 
BUSS Hi-Cap Fuses 

They have an interrupting capacity 

sufficient to handle any fault current 
regardless of system growth. 

They can be coordinated with 

Fusetron fuses on feeder and 

branch circuits to limit fault 


outages to circuit of origin. 











(7 


L— 2 On new construction, tell your 
“py Yes architect to specify this Safer, 
Singer Sewing Machine and kK Better Protection. 
Electri¢. Transmitter mounted ] 
on Stand and Table with Switch 
Box containing Fusetron Fuses. 


| TRUSTWORTHY NAMES IN 
ELECTRICAL PROTECTION 
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The Positect (below) is so SAFE that no hook 
stick is needed . . . it is ordinarily closed by hand 


Sectional diagram of the S&C Positect she 


Gas Lock Spring holds fuse tube in 
place when clearing heavy faults 


| 


Normal mounting posi- 
tion directs discharge 
away fromthe operator 














STATE 
OF THE 
ART 


M. D. HOOVEN 


PRESIDENT AIEE 


In his Winter Meeting address, President 
Hooven discusses the phenomenal changes tak- 
ing place in our society as the result of our rapid 
technological advances. A glimpse into the 
future, based on today’s progress, is presented. 


} agence ON THE PROGRESS of the art and 


science of electricity at this moment in history is a 
task to defeat an intellectual Hercules. Have you 
ever stood on the platform waiting for the 8:15 to take you 
to work when a mile-long 60-mile-an-hour freight thunders 
through the station inches from your nose? 
read off the car numbers? 


Could you 
Can you—each of you expert in 
some phase of the art—grasp the detail of all that is happen- 
ing in electrical engineering today? The volume of projects, 
speed of accomplishment, and the tremendous impact of 
community change leave the observer mentally breathless. 
Remaining, however, is the deep impression of a lot of 
things going somewhere fast. In the first place, it is appar- 
ent that the electrical engineer ministers not only to the 
great common public, but even more specifically to his sister 
branches of technology. It is apparent that the traditional 
services of the electrical engineer in the transfer of informa- 
tion and energy have expanded so that the entire intellec- 
tual world of science and industry awaits his services. 
Newly oriented educational courses are being given to our 
young men. The engineering world is changing. The 
electrical engineer can now do almost everything except 
foretell the future, although for 30 years he has not been 
doing too badly in power load and communication traffic 
forecasts; perhaps he can do more soon. 

If forecasting the future is extrapolation of the past (with, 
of course, all the data factored in), he may not be too far 





Text of the presidential address presented at the AIEE Winter General Meeting, 
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from phenomenal prophecy. Mass production of memory 


cells for computers is now routine. Perhaps in the future, 
with great banks of memory cells, the electronic brain will 
give us many more answers than those attributed to the 
Delphic Oracle. 
the present gives enough of an indication of the fact that we 
are in the midst of astonishing developments and are on the 
brink of more. 


But why speculate? A quick review of 


The transistor has continued to insinuate itself into every 
nook and cranny of the art. From entertainment-providing 
portable radios, through relays for power transmission, 
to the deadly serious air-borne computers used by the mili- 
tary, the transistor with its light weight and low use of 
energy has given its services to all sorts of electrical and 
electronic devices. Important contributions to develop- 
ment are being made in the whole field of semiconductors. 

Magnetic amplifiers also help in the direction of minia- 
turization and the development of free-from-maintenance 
devices as do the new products in the metallic rectifier field. 
On the other end of the scale, huge rectifiers drive loco- 
motives. Energy supply and transfer devices are becoming 
bigger and better. Generators of over 300,000-kva capacity 
are not uncommon and 1/2-million-kva machines are in 
sight. These are, of course, made possible by the use of 
gaseous or liquid coolants. The 300,000-kva transformers 
are already being left behind. 
Electrical Engineering shows a picture of a motor rated over 
100,000 horsepower. This single motor represents an out- 
put equal to the total sustained muscle power of the whole 


population of the United States in Benjamin Franklin’s day. 
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Circuit breakers no longer seem to be a limiting feature, 10- 
million kva being a common rating with higher ratings in 
sight. ‘The trend of power supply system development is 
toward transmission and distribution of greater amounts 
of energy over more widely dispersed areas. Higher volt- 
ages are in order with 300- to 400-kv transmission being 
utilized, and even higher voltages planned. 

The rapid increase in the use of electric energy is par- 
alleled by a similar rapid increase in the use of electrical 
communications. It is part of the same pattern of a rising 
standard of living. Can anyone imagine a Mrs. Franklin 
of today’s Philadelphia waiting many months to learn from 
London whether she should try blue wallpaper? The 
modern Mrs. Franklin without a second thought would put 
in a Philadelphia-London call and settle the matter of 
Daughter Sally 


Franklin’s wedding would not await the uncertain inter- 


color for the living room in minutes. 


change of ideas in letters delivered by friendly travelers. 
The words of wit and wisdom and philosophy of a Franklin 
of today could be spread worldwide the moment they 
were uttered. And communication is still improving. 
Progress in communications has been on all fronts—tele- 
graph, telephone, radio, and their various interrelationships. 
Like power systems, communication systems are becoming 
more tremendous and at the same time are using smaller 
and more sensitive control devices. The tropospheric 
fields. 


increasing its services to transportation, the new toll high- 


scatter system for radio opens new Radio is 
ways being largely controlled by radio; and great strides are 
being made in radio and radar aids to air navigation. 
[rain signal systems and ship navigation and control 
projects show similar progress. Facsimile equipment for 
Color television 
Of 364 network 


stations, 300 are equipped to transmit color. 


use on wire or wireless becomes better. 
programs have increased 400 per cent. 
Schools and 
industries use closed-circuit television. Broadcasting sta- 
tions, like the power stations before them, are becoming in- 
creasingly automatic. Taped programs are becoming 
common. 

Industry follows the same pattern of bigger, better, and 
The great steel industry, 


symbol of size, uses transistors and magnetic amplifiers for 


more automatic operations. 
fine control. The new steel plants, such as the Fairless 
Plant of the United States Steel Corporation in the Delaware 
River Valley, are replete with electricity supply and elec- 
tronic control devices. Every production engineer every- 
where is occupying himself with automation. The carry- 
ing of heat to a proper place whether for welding, for stress 
relieving, or for processing is an electrical function. New 
Lighting, 
like the other children of electrical engineering, is rapidly 
expanding; total lumen hours having tripled in 10 years. A 


accomplisments are being made with lighting. 


200-million-candlepower short-arc mercury searchlight is 


being used at airports. On the other end of the scale low 


power, completely diffused illumination through electrically 


excited paint is under development. 

With today’s electrical accomplishments so far beyond 
anything that yesterday dreamed of, who is able to unleash 
an imagination competent to picture tomorrow? Benjamin 
Franklin, whose 250th birthday we have just celebrated, was 
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not afraid of speculation. The prophet of electrical 
engineering, admitting a degree of chagrin for having been 
unable to produce anything of use to mankind from elec- 
tricity, did not hesitate to foresee vast uses for it. Had he 
been born 200 years later his fertile imagination could have 
taken up the challange that today’s accomplishments present 
to us. Direct conversion of the energy of nuclear fission 
into electrical energy would surely have been one of his con- 
cerns. He may have been weak in imagining the extreme 
complexity of the electrical controls and devices used today 
in handling these infinite wells of energy, but he would have 
been among the first to foresee the brave new world which 
such possibilities presented. Had he been familiar with 
radio he would perhaps have dreamed of a sphere of electri- 
cal energy enveloping the world, supplied by solar plants 
at the equator, boosted by nuclear-fission generators at 
the poles, and tapped for use by mankind anywhere. 
How he would have handled inductive co-ordination with 
broadcasting and communication is impossible to say. 

However, considering that most engineers possess Ben 
Franklin’s earthy and human qualities, if not his extreme 
imaginative ability, any electrical engineer today can let his 
imagination conjure up a picture of his own home within a 
few years. It will be complex and complicated, to be sure. 
The component parts of it—solar batteries, heat pumps, 
weather conditioning, skillful illumination, refrigeration and 
cooling devices, cleaning, entertainment, labor saving and 
chore-doing equipment, comfort producing gadgets—are 
all ready for use. There remains only the problem of 
operating them. 

The great steel plants, the huge communication centers, 
and the tremendous power stations each have their control 
rooms where a myriad of electronic devices provide a degree 
of automation which relieves the operating personnel of 
much tension and worry. Why not the home? 

Imagine, if you will, a tiny room strategically located in 
It will be the nerve center of your living and 
will be just big enough to hold two people and scores of 
instruments and switches. Imagine that tomorrow’s plan 
is about to be set up by the usual Adam and Eve team. 
Susie is to wake at 7 with sentimental chamber music; 
Junior must be blasted out with a stirring martial air; 
Aunt Maggie’s window must be down at 4:30 (she gets cold), 
and her coffee must approach boiling at exactly 6:45. At 
breakfast, Susie’s facsimile news must be set for fashions; 
Junior’s for the basketball scores; Mother’s, for the social 
The eggs must be cooked—but perhaps fried eggs 
Mother’s ca1 


your house. 


items. 
will still have to be under manual control. 
must be warmed up at 9, the garage doors opened, and the 
snow off the drive-way; and so on until Pop’s electric 
blanket goes on at midnight. The cat-ejecto: perhaps 
had worked just previously. The complete program is 
set up on a recording tape, buttons are pushed, instruments 
checked; thus, the next day is taken care of. 

Who will be the chief operator? Who will throw the 
final switch? The electrical engineer can make the switch- 
board, but he will ask his brother in the social sciences to 
determine whether the little switch handle marked ‘‘His” 
or “‘Hers” locks in tomorrow’s plan at today’s end. Or 
maybe we need another Franklin. 
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Opportunities for Young Engineers 


in the Electrical Utility Industry 


W. BENNETT 


FELLOW 


Past, present, and future problems facing the 

electrical utility industry are outlined. The 

author points out the challenges and oppor- 

tunities which the utility field offers to the 
young engineer of today. 


IVILIZATION as it advances results in the ever in- 
creasing interdependence of all members of society. 
Among savage peoples, each individual, family, or 
tribe is an independent unit, self-sufficient in securing the 
life. In the 


commerce, in the form of a limited amount of barter, de- 


necessities of advance towards civilization, 


veloped among barbarian peoples. In all of those civiliza- 
tions which existed prior to our so-called Western Civiliza- 
tion, most, if not all, of the basic necessities of life were pro- 
duced in the immediate neighborhood of the consumer 
This was true even in the earlier periods of our industrial 
age. Commerce and its attendant transportation dealt 
principally with what, in those days at least, were luxury 
items. 

The necessities of civilized life may be classified in two 
broad groups: materials and energy. Our transportation 
system takes care of the delivery of materials and makes 
them available wherever they are required, but can assist in 
the supply of energy only to the extent that it can supply the 
raw material in the form of fuel for energy production. An 
adequate supply of energy is the most essential factor in the 
advance of civilization, and a lack of such a supply the most 
serious handicap to its development. 

Historic man has always been physically puny in com- 
parison with his mental stature. From earliest historic 
times he has sought to multiply his individual effectiveness 
by utilizing the labor of other men as slaves, employing the 
strength of animals and by attempts to use the forces of na- 
ture through the medium of machines of various forms. All 
civilizations, no matter what their superstructure and values, 
rest on power. The civilization of ancient Greece, for ex- 
ample, rose to its heights mainly on the labor of human 
slaves. 

Progress in utilizing the forces of nature and in the develop- 
ment and use of machines for the supply of power was pain- 
the book ‘Toward 
Civilization” edited by Charles A. Beard, and published in 
1930, it is stated: “Statistics which are believed to be rea- 
sonably accurate indicate that if all engines, water wheels, 


fully slow for many centuries. In 


and beasts of burden, that is all prime movers, be counted in, 
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about 10 million horsepower were available to the inhabi- 
tants of this country in 1849.” Since the year 1850, the use 
of machine power in industry has increased at a rapid rate 
Fig. 1, which was prepared from data supplied by Dr. Karl 
T. Compton in a paper entitled ‘‘Engineers” published in 
Scientific American, September 1951, shows the increase of 
machine power and corresponding decrease of human and 
animal power over a 100-year span. While machines sup- 
plied only 6 per cent of industrial power in 1850, in 1950 
they supplied 84 percent. It is expected that in a few years 
this figure will be increased to 96 per cent. 

For many years after the introduction of the machine 


prime mover, steam engine, or water wheel, there were n« 


LEGEND 
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PER CENT OF INDUSTRIAL POWER 


Fig. 1. Sources of 


0 
is 1850 
power in industry ' 


means for transmitting power over great distances. Gears, 
shafts, and belts made possible the operation of production 
equipment within, at the most, a few hundred feet of the 
prime mover. Power could not be transmitted economi- 
cally over distances measured in miles. 
started with a definite limitation: 


Modern industry 
manufacture by power 
had to take place adjacent to the power plant and, in gen- 
eral, each manufacturing establishment had to have its 
own power plant. 

General availability of machines and general energy dis- 
tribution date from the introduction of electric power near 
the end of the last century. We are prone to take many 
conveniences of modern civilization for granted. Perhaps 
we have never considered the fact that we would have diffi- 
culty even in the centers of civilization of getting the energy 
to run a sewing machine or drive a fan without electric 
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power. Our electrical utility industry, the supplier of that 
power upon which our civilization rests, is therefore es- 
sential to the continuation of our way of life and the main- 
tenance and improvement of our living standards. 

rhe electrical utility industry had its beginning approxi- 
mately three quarters of a century ago. In comparison 
with some of our so-called electronics industries, this is an 
ancient business. ‘There may be a feeling on the part of 
many that after more than 75 years of growth and develop- 
ment all of the problems have been solved, and that an 
engineer entering this field is faced with a routine and 
humdrum existence, with few or no real challenges and 
meager rewards in the way of accomplishments. Remem- 
bering that a number of industries have been established, 
reached maturity, declined, and all but disappeared in less 
time than our industry has been in existence, perhaps we 
can see some excuse for such an attitude. 

Let us look at this electrical utility industry for a few mo- 
ments, review its past growth, see where it stands now and, 
most important, where it appears to be going in the future. 
Fig. 2 shows the total energy, in billions of kilowatt-hours 
(kwhr) generated by electric utilities in the United States, 
by years, for the period 1920 to 1954, inclusive. It is in- 
teresting to note that the output in 1954 was approximately 
1920. 
loads on our American utility systems, by years, for this 
We observe that the 1954 peak 
1920. Installed 
generating capacity (nameplate rating) on the systems of 


12 times that in Fig. 3 illustrates the sum of peak 
same 1920-1954 period. 
was more than 10 times that carried in 
electrical utilities in the United States in 1954 was 8 times 
that of 1920. 


indicated in Fig. 4. 


The growth of installed capacity by years is 
It would be difficult, if not impossible, 
to find another industry in this or any other country that 
can show such a rapid and sustained growth, with cor- 
responding stability, over a comparable period. 

Along with our rapidly increasing output and improved 
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Fig. 4. Installed generating capacity 


service to more people, we have made substantial improve- 
One of the 
teresting and, perhaps, spectacular of these is the increase in 


ments in efficiency of operation. more in- 
kwhr generated per ton of fuel consumed in our steam-elec- 
tric generating stations. The average kwhr produced per 
ton of fuel burned, by years, for the period 1926 to 1954 is 
plotted in Fig. 5. 

The past, however interesting and filled with progress 
and aceomplishments as it has been, is but a proiogue to the 
future. The most interesting developments, greatest chal- 


lenges, and most rewarding experiences are still to come. 


The electric light and power industry is basically an 
engineering operation. 


This was true in the past, is true 
now, and because of its technical nature always will be true 
in the future. 
activities, public relations, accounting, and legal phases, 


Other activities, such as financing, sales 
are all based on its engineering characteristics. It is es- 
sential, therefore, always to have top quality engineering 
leadership, if the industry is to continue to make progress. 
It is necessary to have engineers who are young in their 
viewpoint on, impartial in their approach to, and accurate 
Be- 


cause of the relatively high plant investment per individual 


in their interpretation of the problems encountered. 


employed, it is essential that the electric light and power 
engineer keep the economics of every part of the system in 
mind at all times, and that he, perhaps more than the engi- 
neer employed in other types of industry, be able to “do 
that well with one dollar which any bungler can do with 
two dollars after a fashion.” 

What are some of the problems, challenges, and oppor- 
tunities that are before us at present and will be in the years 
to come? One of the basic problems is that of over-all 
growth of load as expressed in total energy generated. Fig. 
6 shows the increase in output by years from 1920 to 1954 
and some forecasts for the next 20 years to 1975. The fore- 
casted loads shown are by no means the most optimistic 
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that have been developed and published over the past few 
years but are, on the contrary, on the conservative side. 
It does not require a great deal of imagination to visualize 
the importance of the task of merely providing the necessary 
generating capacity to handle loads of the magnitude ex- 
pected in the near future. And it should be remembered 
that this is only part of the problem. Fig. 7 shows what the 
electrical utility industry has done since 1946 in the addition 
of new generating capacity. From this picture we can 
visualize, to some extent, what the requirements for the 
immediate future will be in this phase of the industry. 

Let us look briefly at some of the components of the over- 
all problem which utility engineers must solve in the near 
future, at some of the research and development needed, 
and at the opportunities for engineers in the industry. 

POWER GENERATION 

It 1s ESTIMATED by a number of reliable sources that the 
energy output of the electrical utilities in the United States 
will increase over the next 20 years somewhat as shown in 
Fig. 6. This indicates that our 1960 output will be ap- 
proximately 700 billion kwhr or 1.5 times the 1954 total 
generation, and that by 1970 it will have increased to 2.4 
times the 1954 figure. 
crease proportionately to the energy output and preparations 


Peak loads on our systems will in- 


must be made to carry these increased loads and to supply 
all demands for energy. 
carry the vastly increased loads expected in the future, but 


Not only must we be prepared to 


we must plan at the same time to reduce plant costs and 
increase efficiency of operation. Specifically in the field of 


power generation, the following points must be considered: 


1. Progress must be continued in increasing our operating 
efficiency and in reducing unit investment costs. To con- 
tinue this progress will require ever greater effort, more 


knowledge of the problems involved, and greater ingenuity. 


2. The application of automatic combustion, feed water, 
and temperature controls on large steam generators has 
been standard for a number of years and has, in a sense, 
made the modern steam generating station an automatic 
factory. Centralized control to improve plant operation 
and reduce the number of attendants has been almost uni- 
versally adopted. This type of control must be continued 
and improved in the future. 

3. Efficiency in both design and operation must be im- 
proved without increasing unit investment costs. In fact 
we must work toward reductions in future relative costs. 
4. Other sources of power, such as power from nuclear 
fission, must be studied, evaluated, and assigned their proper 


»lace in future plans for expansion of generating facilities. 
g 


While the field of power generation is an interesting one 
and the statistics in connection with it are rather spectacu- 
More 
than one half of the total electrical utility investment is in 
of 


Load growth and system development present 


lar, it is only part of the electrical utility system. 


facilities for transmission and distribution electrical 
energy. 
many problems in both of these fields. 


POWER TRANSMISSION 


INCREASING PROBLEMS in the field of bulk power trans- 
faced. 


ment of urban and suburban areas, and the necessity for 


mission must be Greater loads, rapid develop- 
locating new generating sources further from high density 
load areas require the construction of high-voltage, high- 
capacity lines to transmit large blocks of power over com- 
and 


paratively short distances. Increasing system loads 


the necessity, for economic reasons, of concentrating gen- 
erating capacity in larger units, makes necessary the trans- 
mission of large blocks of power over considerable distances 


to reach load centers. 
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It has been necessary in many cases to superimpose lines 
of high voltage on existing transmission systems, lines of 220 
to 345 kv, for example, on existing 115- to 138-kv systems. 
In urban areas, increased use of cable at voltages of 120 to 
230 kv will be necessary in the future. 

[hese high-voltage, high-capacity lines must be designed 
for maximum reliability and continuity of operation. Line 
and system protection must be the best and most reliable 
that can be obtained. The success of our bulk power sys- 
tems will require the use of numerous operational control 
facilities such as load and frequency control, and the utiliza- 
tion of high frequency equipment for system protection, 


metering, and communication. 


DISTRIBUTION 


[IN THE POWER DISTRIBUTION FIELD, the challenges, 
although perhaps not as spectacular as those in the field of 
generation and of high-voltage transmission, are in some 
cases even more difficult to meet successfully. Increasing 
concentrations of load on the distribution system, and in- 
creased load densities make the problem of getting the 
energy supply from the transmission substation to the ulti- 
mate consumer ever more difficult. 

Many companies are finding it necessary to use higher 
primary voltages than were generally accepted in the past. 
In a number of cases, voltages which until recently were con- 
sidered only for subtransmission are being utilized for dis- 
tribution, and this trend will continue at an accelerated 
rate in the future. Use of higher distribution voltages will, 
if it is to be economical, mean the concentration of greater 
loads and, therefore, the supplying of larger areas by a 
It is essential that 
these stations and feeders be designed for the utmost in 


single feeder and a single substation. 


reliability and be maintained and operated so as to supply 
an acceptable quality of service. 


More concentrated loads, particularly in the heavy com- 
mercial areas, are rapidly making our standard 120/208 
volt, 3-phase, and 120/240 volt, single-phase secondary 
distribution systems inadequate. Studies of higher second- 
ary distribution voltages, already in progress, must be con- 
tinued and expanded in the future. 


RESEARCH AND DEVELOPMENT 


[HE CONTINUAL ADVANCE of the art requires constant re- 
search in various fields. It is essential that utility engineers 
follow research done by outside organizations in order to 
avoid the development of impractical designs. Extensive 
research is needed to determine fundamental phenomena 
and to solve problems of detail. A large amount of direct 
research by utilities has been made in the past and is now 
in progress. Utilities have also paid for extensive research 
on the part of manufacturers of utility equipment in the 
development cost included in the price of equipment pur- 
chased. 

There have been many developments made by utility 
engineers as the result of both individual company-spon- 
These include de- 


velopments in the field of high-voltage transmission of large 


sored and group-sponsored research. 


blocks of power, protective relays and related devices, the 
heat pump for year-round air conditioning, and develop- 
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At the 
present time certain utilities are engaged in work connected 
with supercritical steam pressures for use in steam-electric 
stations in the future. 


ments in various structural and hydraulic fields. 


PLANNING FOR THE FUTURE 

THE BASIC TASK of the electrical utility industry is to serve 
people. The utility must meet their present requirements 
and in the process earn a sufficient amount to attract the 
necessary capital, at reasonable rates, for future expansion. 
By the very nature of its business, the industry must antici- 
pate its loads and the demands on its facilities several years 
in advance. Inasmuch as the electric power industry is 
the most highly mechanized of all activities in the country, 
with an investment per individual employed of six to seven 
times that of the manufacturing industry as a whole, it is 
Be- 
cause of this relatively large investment in plant, a high 
utilization of facilities and a long period of usefulness are of 
paramount importance. 


essential that overexpansion of facilities be avoided. 


What is being done today in system design, system opera- 
tion, and planning for future growth, is related to and af- 
fected by decisions made 20 or more years ago. In like 
manner, today’s planning will affect operations and designs 
far in the future. 

The problem of nuclear production of power and its 
place in the future power generation picture is now being 
studied. When the goal of producing atomic power on a 
competitive basis will be reached is, at present, a matter of 
conjecture. It is quite certain that it will be reached and, 
therefore, this source of power generation must be taken 
into account in future planning. It is probable that con- 
stant probing into the secrets of nature for the benefit of 
mankind will reveal other useful sources of energy, perhaps 
a practical method of obtaining usable amounts of solar 
energy. 


SYSTEM OPERATION 

THE DESIGN of specific facilities, general research and de- 
velopment in connection with industry requirements, and 
planning for the systems of the future have been discussed 
at some length. Will the operation of these facilities be a 
mere robot process? Will they, when once installed, carry 
on of their own accord, producing the results envisioned by 
the planning and design engineers? The answer to both of 
these questions is “‘no.”” No system, no facility will produce 
the desired results unless it is properly operated and main- 
tained. The operating engineer of the future faces many 
challenges. He must operate all the facilities in his charge 
so as to achieve the maximum in economy and continuity 
of service. He will be expected to get more out of his 
equipment both in efficiency and in the magnitude of loads 
carried than has been the case in the past. Materials must 
be worked harder. Lines must be loaded to their economi- 
cal limits, overload capacity of all types of equipment must 
be utilized to a greater extent than has been the case in the 
past, and outages of facilities kept to a minimum. This 
means that the operating engineer must know just what his 
equipment can do and what his loads are at all times. 

In addition to the problems associated with normal opera- 
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tion, those of maintaining and restoring service in the event 
of disaster must be studied and solved. 
OPPORTUNITIES 
No 1nDustry offers greater opportunity for a greater 
talent. 
mechanical engineering are all required 


variety of technical Electrical, civil, and 
in the daily 
operation of an electrical utility. In the search for in- 
creased efficiency of operation, improved system protection, 
and better use of facilities, there are numerous calls for 
the services of chemists, television specialists, and specialists 
in the fields of communication and high-frequency engi- 
neering. As we get further into the study of the economics 
of atomic power, there will be more opportunities for 
specialists in that particular field. 

The electrical utility industry is unique in the free 
interchange of knowledge, experience, and ideas among 
the companies. The 
troubles, and experiences of one company are made freely 


various developments, progress, 
available to others in the industry either by direct inter- 
change between companies or through group activities in 
various industry associations. This free interchange of 
information has been and continues to be an important 
factor in the rapid development of the industry. In 
addition, it offers to the individual engineer an opportunity 
to broaden his knowledge and, in effect, increase his fund 
of experience by giving him direct access to the problems, 
experiences, and accumulated knowledge of the entire 
industry. 

History shows that in our industry, perhaps more than 
in most others, the industry leaders have worked their 
way up their company’s ladders. A recent count of the 
general officers in a number of the larger utilities in the 
United States indicated that some 38 per cent of these 
were engineers or had engineering training. 


Electronic Instruments Record and Display 


Use of electronic instruments to record and display 
1utomatically minute strains and displacements in mate- 
rials undergoing a manufacturing or handling process, as 
demonstrated through a novel model-railroad setup, was 
recently exhibited by Allen B. Du Mont Laboratories, Inc., 
Clifton, N. J. 


dustrial processes may be monitored and remotely controlled 


The demonstration also indicated how in- 


by closed-circuit television. 
The strain and displacement are picked up by gauges 
The 


and 


under the trestles, which the train crosses repeatedly. 
(left) 
monitor). 


information is fed to strain-gauge controls 


differential (left of TV 
The output of these instruments is connected to two cathode- 


transformer controls 
ray oscillographs (center), where the strain and displace- 
ment appear as wave forms. ‘The remote control feature is 
demonstrated by a Du Mont “Tel-Eye” camera which 
televises the railroad setup and relays the picture by cable 
to the monitor (left). In an actual demonstration, strain 


and displacement is shown on a large-screen indicator. 
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SUMMARY 


[HE ELECTRICAL UTILITY INDUSTRY is dynamic, with 


boundless opportunity and capacity for growth. Advance- 


ment and growth cannot be achieved by merely doing 


more of the same. What was done yesterday will not 
suffice for tomorrow. Past practices must be re-examined 


A fresh 


future problems must be made 


and re-evaluated. approach to present and 
Present materials must 
be worked harder, and new ones that are stronger and 
better must be developed. 

Young engineers entering the industry will find a full 
measure of glamor in supervoltages, electronic relays, 
high and ever higher steam pressures and temperatures, 
and new applications of all types of control and supervisory 
equipment. But of far greater importance is the fact that 
they will face the challenge of an almost infinite variety of 
problems. The engineer who becomes a part of a power 
company organization must have the breadth of vision and 
the capability to make his engineering accomplish the broad 
purpose of the industry. 

Chere are still partly charted and uncharted areas and 
major problems ahead in all branches of the industry as 
I he 
ambitious and energetic man can be sure that he will be 


He 


will join a group of skilled engineers, men who have spent 


the demand for electric energy continues to grow. 
kept busy trying to keep up with his responsibilities. 


most of their working life in the industry, and who know 
the pride and satisfaction that comes from accomplishment 

To exploit opportunity has always been difficult; to 
raise the standard of living of people and to make important 
contributions to the well-being of many are never easy. 
Were it otherwise, the challenge and the opportunity would 
not be so great and men with lesser qualifications could 
do the job. 


Minute Strains 
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Factoring the Human Equation 


into Electrical Testing 


R. DEREAMER H. 


Many accidents are actually ‘‘built into”’’ test 

equipment through failure to take the human 

element into consideration. Methods are pre- 

sented for the elimination of a large percentage 
of these accidents. 


T IS OFTEN STATED that a high percentage of in- 
I dustrial accidents, including electrical testing accidents, 
are due to unsafe acts. Reams of data and reports are 
available which classify accidents as having resulted from 
poor techniques, lack of judgment, recklessness, and even 
downright stupidity. Thus, the conclusion is reached that 
all that needs to be done is to eliminate these unsafe acts 
and accidents will stop. 

One of the major objectives of this article is to demon- 
strate that these so-called unsafe acts in the electrical testing 
field may not be the fault of the electrical tester or the test 
engineer. Evidence exists which indicates that many so- 
called operator errors have been touched off by faulty 
design of the test equipment, poor working conditions, 
operating practices that expose the tester to hazards, or 
lack of standardization and identification which so con- 
fuses the operator that he is psychologically trapped into 
making mistakes. In effect, potential accidents have been 
built into some test setups because the design engineer or 
methods man has not included the human factor, although 
his handling of the functional problem was adequate. 

Wesley Price gives a prize example of what can happen 
when engineers fail to relate mechanical design to the 
physiological and psychological requirements of the opera- 
tor. It should be easy to associate his account* of pilots’ 
mistakes with the human factors which must be taken into 
consideration in the planning of an electrical test setup. 
Mr. 


Price relates: 


“They [the Army Air Force] had an epidemic of landing- 
gear mishaps. Planes would grease safely onto the runway; 
then, while taxiing, the wheels would fold up and let the air- 
craft bang its belly on the concrete. The trouble was that 
pilots were, by mistake, flipping the switch that retracted the 
landing gear They meant to hit another switch to retract 


their wing flaps. Confusion of these two controls alone 
crumpled 303 Air Force planes in a single year, 1943. 
“‘Were these pilots stupid? It seemed so, until experts of 


the AAF Flying-Safety Division studied flap and gear toggle 


Essentially full text of a conference paper presented at the AIEE Fall General Meeting, 
Chicago, Ill, October 3-7, 1955, at a session sponsored by the AIEE Committee on 
Safety 


C, BR. DeReamer and H. E. Vann are with the General Electric Company, New York, 
N. Y. 


*Why Pilots Make Mistakes, Wesley Price. 
pp. 18-19. 
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switches. They often looked alike, felt alike, and—pity the 
poor pilots—were only inches apart. Mix-ups were inevit- 
able. The flap-gear confusion had been virtually built into 
the airplanes. The AAF ordered the twin switches sepa- 
rated by at least two feet. The effect was magical. Over- 
all frequency of these accidents was promptly cut in half. 

*‘But it was still not impossible to retract the gear inad- 
vertently, as a few absent-minded pilots proved from time to 
time. The final step was installation of an automatic safety 
lock. You could move the gear control to ‘Up,’ but the 
wheels would refuse to fold if they were on the ground. The 
device is standard equipment now on modern military planes 
and airliners. It ‘remembers’ when pilots forget. 

‘‘A rare exception was the taxiing accident at Shannon 
Airport in Eire last September. The main gear of a Con- 
stellation tucked up and let the ship fall heavily to the run- 
way, supported only by the nose wheel and tail. Nobody 
was hurt, but a costly airplane was bent beyond repair. The 
copilot, mistaking the gear lever for the flap lever, had 
yanked it so forcibly that a pin-locking slot in the safety 
mechanism gave way. Engineers hastened to make the 
safety lock muscle-proof. 

‘**The copilot, it transpired, had had a lot of time in Doug- 
las DC-4’s, not so much in Constellations. The gear handle 
in a Connie is about where the flap handle is ina DC-4. Old 
habit asserted itself. The copilot reached down and com- 
mitted a pilot error. Or did he? 
fell victim to the industry’s apparent inability to standardize 
cockpit layouts.” 


It can be argued that he 


Any discussion of electrical safety should start from the 
basic premise that engineering skill for controlling electricity 
and an exact knowledge of the effects of electricity on the 
human body are available. Therefore, steps can be taken 
to design electrical test setups that will isolate the tester 
from live electrical circuits or so limit the current values 
that the contact will not be harmful. Experience has 
proved that it is not enough to design the test setup just to 
satisfy the functional requirements of the operation. It is 
also necessary that the enginéer include the human equa- 
tion in his set of formulae, standards, and specifications. If 
this approach is carried out in practice, fewer accidents will 
result, training time will be reduced, and costly changes in 
the test setup after it has been put into use will be eliminated. 
In the design of electrical test equipment and the develop- 
ment of test methods, certain considerations must be made 
for adequate integration of the human factors into the func- 
tional requirements of the test. 


STANDARDIZATION 
THE NECEssiTy of providing maximum safety in electrical 
testing has motivated the General Electric Company to 
capitalize on experience from widely diversified sources and 
to establish a set of safety standards for electrical testing 
operations. 
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A ‘Testing Safety Rule Book” has been maintained over 
a 16-year period to aid the test designer and methods man 
in integrating the human and functional requirements into 
the design of electrical test setups and to assist the first level 


supervisor in establishing practical safety requirements for 


electrical testing operations. 

The standards are based on years of experience in elec- 
trical testing and recognition of the basic principle that 
Safety Standards must implement and not impede produc- 
tion. The rules are hinged upen two broad objectives, 
which are: 


tr; so interlocked 


closures that will automatically interrupt power when a 


isolate electrical hazards with en- 


hazard is present. 
2. To design characteristics into the test equipment and 
safety devices that will automatically remove power and 
eliminate the hazard in case of an equipment failure or 
malfunction. These are called ‘‘fail-safe’’ characteristics. 
The influence of these two broad objectives can best be 


illustrated by reviewing some basic standards and the 
sequence in which they may be developed. 

The first and most logical step in electrical testing safety 
is to build an enclosure around the equipment being tested 
that will isolate the hazard inside the enclosure so contact 
with a “‘live”’ electrical part cannot be made from outside 
the enclosure. This might be sufficient if the operator 
would always follow the proper procedure and remove 
power before entering the enclosure, but experience in- 
dicates that The 


next step is to wire all primary power to the enclosure 


additional consideration is necessary. 


The disconnecting 
device would be arranged so that it is apparent from visual 


through a visible disconnecting device. 


observation whether the circuit is open or closed. 

As a check on the disconnecting device, a single red light 
could be added to the enclosure to indicate when power 
was on and a hazard existed inside the enclosure. How- 
ever, the operator’s awareness soon becomes dulled to a 
single red light, so to correct this condition a flashing red 
light could be substituted. But what happens if the single 
light burns out? Obviously the operator could be trapped 
into thinking power was off. By modifying the setup to 
include two flashing red lights in parallel, this condition 
can be eliminated. These lights can be so installed that any 
malfunction of equipment or sticking of a contactor or 
breaker would keep the lights flashing and denote the pres- 
ence of a hazard. However, unless a carefully supervised 
maintenance procedure for replacing burned-out lights is 
established and followed, the two lights would be little better 
than a single light. 

The use of a test enclosure and flashing red lights to in- 
dicate a hazard inside the enclosure is still not sufficient be- 
cause workers are sometimes likely to forget to follow nor- 
Under such circumstances they could enter 
The 
step would be to add an electrical interlock across each 


mal routine. 
the enclosure without first removing power. next 
enclosure entrance, so the enclosure could not be entered 
With 


this arrangement the tester automatically eliminates the 


without breaking the circuit and removing power. 
hazard when he enters the test enclosure. 
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Typical interlock circuit 


Fig. 2. 


closures. 


Test table with interlocked meter and instrument en- 
Circuit is automatically broken when meter terminals 
are exposed 


If an interlock is to be used as a safety device, steps must 
be taken to assure that failure of the device to function 
would not jeopardize the safety of personnel depending 
upon the device. ‘To fulfill this requirement, performance 
standards could be established for the interlock and its 


control circuits. ‘These standards would include: 


1. Fail-safe features, such that any failure of the inter- 
lock mechanism, loss of power, short circuit or malfunction 
of equipment would cause the circuit to be interrupted. 

2. <A ‘“‘wired-through” type of control circuit located in 
the primary power circuit. 

3. An arrangement which makes it impractical to 
circumvent the interlock. 


An interlock circuit meeting these requirements is shown 
Fig. 1. It should be pointed out that spring-activated or 
shorting-type interlocks do not meet the requirements of a 
safety interlock. 

Isolating the hazards inside an interlocked enclosure will 
not eliminate electrical hazards unless steps are taken to 
prevent hazards from being extended outside the enclosure 
through meter leads and control wiring. 

The next step would be to establish standards for auxiliary 
equipment used in conjunction with the test setup. Meters, 
gauges, and exposed “‘live”’ parts should be protected with 
the same principles that apply to the equipment under test. 
A simple method for doing this shown in Fig. 2. 
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Integrating the so-called human element into the design of 
test setups and establishing test standards will provide maxi- 
mum safety in testing operations. The basic principles 


include 


An adequate enclosure to isolate the hazard and ac- 
nmodate the products. 
2. Visible disconnecting devices to remove power from 
he enclosure. 
3 ['wo flashing red lights to denote the presence of a 


zard 


4 Protective interlocks that ‘‘remember’’? when humans 


yreet 
Confining all conductors leaving the enclosure so that 
no hazard is brought out by auxiliary equipment or measur- 


ing devices. 


Some of the different types of interlocked enclosures used 


Fig. 3. Table top test enclosure used for testing small light 
equipment 


Fig. 4. 
equipment on a fast moving conveyer line 


Fast conveyer line test enclosure used for testing small 
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by the General Electric Company to test a wide variety of 
products ranging in size from turbine generators to toasters 
are shown in Figs. 3, 4, 5, and 6. Each of these enclosures 
meets the safety standards discussed in the preceding para- 
graphs, even though details vary to accommodate the prod- 


uct being tested. 


IDENTIFICATION 


IDENTIFICATION OF CONTROLS, test enclosures, and 
other items where knowledge is essential for operation and 
safety, should be considered in the test setup. It is treated 
separately here to emphasize its value in preventing opera- 
tors from becoming confused and making mistakes in judg- 
ment. 

Numerous accidents have resulted from improper power 
plugging. Investigation of these accidents generally reveals 
that proper identification on the plug board may have pre- 
vented the accident. This can be illustrated by relating a 
typical accident that occurred during a plugging operation. 
A tester attempting to remove power from a test setup re- 
ceived electrical flash burns when he removed two plugs 
from the board, and they accidentally touched. The board 
was arranged so that power could be transferred by plugging 
cables from receptacles connected to the pow er source 
The 
board was not marked, and the tester, through a mistake 


through another set of receptacles to the test setup. 


in judgment, pulled out the wrong leads and short-circuited 
the power supply when the ends of the two leads touched. 
A mistake in judgment, yes—--but adequate identification of 
circuits on the board may have prevented the accident. 

Frequently, lack of identification of controls will cause 
the operator to make a mistake and pull the wrong switch 
or open the wrong breaker. It takes little imagination to 
realize the seriousness of this when in case of emergency an 
operator does not know which switch to open or, for ex- 
ample, he mistakenly removes the field power for a d-c 
motor while intending to take the unit from the line be- 
because of trouble during the test. 

The reaction of an operator during an emergency or 
when performing repetitive operations should be anticipated 
and allowances factored into the location and identification 
of controls to minimize mistake in judgment. 

Color coding can be used effectively for ready identifica- 
tion, such as painting controls blue and stop buttons red. 

Schematic diagrams can be provided on equipment 
where such knowledge is helpful to safe operation of the 
equipment. Adequate identification of controls and proper 
use of signs are good investments providing that the use of 
colors and signs are standardized and meaningful. 


PROPER OPERATING SEQUENCE 

EVEN THOUGH human considerations are factored into the 
design and installation of electrical equipment, it may be 
to no avail unless steps are taken to assure proper sequence 
This can be illustrated by a knife switch and 
The 
breaker is provided to interrupt the circuit, and the switch 
is used to isolate or change the circuit. This is adequate if 
the proper sequence is followed and the breaker is opened 
first. 


of operation. 
breaker combination in series in the same power line. 


Past records give conclusive evidence that unless steps 
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are taken to assure proper sequence of operation, operators 
will sometimes open the switch first. When a high-voltage 
power circuit is interrupted with a knife switch the results 
can be disastrous. It is a worthwhile investment to inter- 
lock the knife switch mechanically to the “hold in” coil on 
the breaker so that the knife switch cannot be opened with 
the breaker in the closed position. 

This approach will necessitate proper sequence of opera- 
tion; however, in some cases it may not be practical, and 
an alternate method is needed. The alternate method be 
the automatic elimination of the hazard in case of improper 
sequence, such as the use of an electrical interlock on the 
test enclosure. 

The American Standards Association (ASA) code for the 
design of a 3-prong plug is a good example of the steps 
that can be taken to assure proper sequence of operation. 
Users of portable electrical tools with a 2-prong plug and 
ground clip are instructed to connect the ground clip 
first, then insert the plug. This safety precaution is fre- 
quently violated and the sequence reversed or the ground 
connection not made at all. Use of a 3-prong ASA type 
plug, with the ground prong longer than the two current- 
carrying leads, will assure that the ground connection is 
made first and proper procedures followed. 


Wherever possible the designer should lay out the test 


setup and select equipment that will assure proper operating 


sequence. Where this is not possible, methods should be 
used that will minimize the hazard when proper sequence is 
not followed. For example, it is possible and quite prob- 
able that a lead connecting power from a plug board to a 
test may be disconnected in such a manner that one ex- 
posed end may be electrically hot. The shock hazard can 
be reduced by polarizing the plug so that only the male 
end will fit the plug board (source of power) and the female 
connected to the test. In case the cable is removed from 
the test equipment without disconnecting power, then the 
*‘live”’ part will be protected. 


FAILURE OF EQUIPMENT 


‘THE USER should be aware of the possibility of equipment 
failure, even though the functional specification for equip- 
ment is met, and he should take precautions to provide 
adequate equipment and personnel protection in the event 
of such failure. Past experience has dictated that at least 
the following protection be provided for electrical equip- 
ment: 


1. Overcurrent devices that will limit the current to a 
value that can be safely carried by the test equipment and 
the product being tested. 

2. Grounding noncurrent-carrying parts to provide a 
path for possible fault currents. 

3. Automatic circuit-interrupting devices that will dis- 
connect power in case of a failure, such as fuses, circuit 
breakers, or contactors. 

4. Undervoltage devices, where needed, such as on the 
d-c field on a motor. 


It is necessary to take an additional step in cases where 
there is the possibility that an equipment failure will create 
a hazard, such as the explosion of a circuit breaker during an 
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Fig. 5. 


Slow conveyer line test enclosure used for testing heavy 


equipment on a slow moving or manual conveyer 


Fig. 6. 
equipment 


Walk-in type test enclosure used for testing large heavy 


overcurrent test. In this case, additional provisions are 


required to confine the potential hazard. 


CIRCUMVENTING SAFETY DEVICES 


AN ANALYsIS of electric shock cases indicates that in 


numerous instances where it is normal practice to provide 


interlocked enclosures and standards, many accidents are 


the result of the operator circumventing the safety device 


The principal reasons for this are: 


1. Poor judgment. A specific case in point occurred 


when a low-voltage test setup for testing breakers was 


modified for a special test. The voltage in the original test 


was approximately 8 volts and was supplied from a fixed 


source. In order to accommodate a larger current for a 


special test, the circuit was changed to obtain 30 volts. A 
tester made accidental contact with the exposed part of the 


circuit and was electrocuted. The investigation of the 
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accident revealed that the voltage was obtained through a 
““Variac” from a 440-volt source, and though there was 
only 30 volts between terminals, the modification of the 
circuit made it possible to obtain 440 volts to ground. 
Lack of good judgment in the modification of this circuit 
and failure of the supervisor to recognize the hazard effec- 
tively built an accident into the test equipment. 


2. Inconvenience. 


If the safety device is inconvenient for 
the operator to use, the natural tendency will be to cir- 
A highly repetitive operation that re- 


quires the tester to activate an interlock mechanically for 


cumvent the device. 


each operation may create a desire on the tester’s part to 
tie the safety device down, if he is not keenly aware of the 
hazards. In making temporary setups, it is a temptation 
to eliminate or bypass such items as electrical interlocks 
because of the time, trouble, and expense of putting them 
into the circuit. 

3. Bottlenecks. 


bottleneck in the production line, it will invite circumvent- 


If the enclosure or interlock causes a 
ing existing equipment or eliminating the restrictive safety 
device. A careful study of the method of testing will, in 
many cases, show that there is a better method of perform- 
ing the test that is more compatible with the manufacturing 
operation. (For example, on some high potential testing 
operations it is possible to limit the test current to less than 5 
milliamperes. Currents less than 5 milliamperes are not 
The 
designer has an obligation to study these factors and take 
This 


is essential if we are to maintain a set of safety standards that 


harmful to the body; safety devices are not needed.) 
them into consideration in the layout of the test setup. 


will be compatible with the rapidly changing manufacturing 
requirements. 


FELLOW EMPLOYEES 


rHE FACT that another employee could unknowingly sub- 
ject the tester to a hazard should also be factored into the 
safety standards. To prevent a fellow employee from 
energizing a circuit that would subject personnel working 
on the equipment to injury, a tag-out procedure should be 
established. The General Electric Company uses a cir- 
cular ‘red tag for 
operated, would subject personnel to injury. It is hung on 
the primary disconnecting device that controls the power 
to the equipment. Instructions on the tag prohibit the 
operation of the switch until the tag is removed by the person 
who signed the tag. 

Establishing a definite procedure to clear electrical cir- 
cuits before switching power may prevent a person from 
unknowingly causing an accident. The procedure should 
require that a check list be established to notify all parties 
concerned of the action to be taken and the safety precau- 
tions necessary to eliminate the hazards. 

A procedure should be established to prohibit a person 
from working alone on a hazardous test. This will assure 
that a person involved in an accident will have a better 
chance of survival. A complete set of operating procedures 
for each test is needed so that all people involved will be 
aware of the hazards and know the safe procedure to follow 
to prevent exposing themselves to hazards or jeopardizing 
the safety of fellow employees. 
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CONCLUSION 
THERE IS NO ExcUSE for fatal electrical accidents in 
electrical testing operations. The hazards of electricity and 
its effects on the human body are known, and they can be 
controlled. 

Analyzing the environment in which the tester operates 
and his reaction to factors in this environment will provide 
the vital information needed to satisfy the human require- 
ments. Integrating these human requirements with the 
functional requirements of the electrical testing operation 
will provide an equation that will eliminate electrical shock 
as a source of industrial fatalities. 

The answer to this equation is to establish for each test 
set up: 

1. Aset of operating procedures that would, if followed, 
provide adequate safety. 

2. 


hazards so that contact cannot be made with a “‘live”’ part. 


means of identifying and isolating electrical 
3. Safety devices that will remember when people forget 
and automatically removed power when a hazard is ex- 
posed. 
4. Fail safe characteristics of the equipment and safety 
devices so that failure or malfunction will automatically 


remove power and eliminate the hazard. 


Stringing Power Line Conductors 


A machine for stringing overhead power line conductors 


under controlled tension has been announced by the 


of Santa 
takes all 


Petersen Engineering Company, Manufacturers, 
Clara, Calif. The model 6000-WS, pictured, 


| 


conductor sizes up to and including 1*/g inch diameter. 
It accommodates all sizes and types of reels currently being 
provided as standard from the wire mills. 

The braking takes place over the double bull wheels of 
cast aluminum alloy, which are neoprene lined to prevent 
One 
easily control the brakes on one unit holding two reels, or 


conductor damage and slippage. reel tender can 
using two units close together, can string up to four con- 


ductors simultaneously. 
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Efficiency of Grounding Grids with Nonuniform 


I. ZABORSZKY 
MEMBER AIEE 


TUDIES DEVOTED TO PREDETERMINATION 

of ground resistance on the basis of geometric dimensions 
and ground resistivity generally assume that the resistivity 
of the soil is uniform. While this assumption is frequently 
justified in view of the usually meager knowledge of the 
actual ground resistivity distribution and the mathematical 
difficulties caused by any nonuniformity of the ground 
resistivity, it also can be misleading under certain condi- 
tions. 

A case in point is a ground electrode site which contains 
a shallow but moist topsoil layer of fairly good conductivity 
overlaying poorly conducting rock. On sucha site, ground- 
ing grids situated in the soil layer would normally be used. 

Highly refined techniques have been developed for 
calculating the ground resistance of grounding grids in 
soil. these to 


uniform However, an attempt to apply 


nonuniform soil can be unsatisfactory since conditions 
change markedly if the nonuniformity is substantial. 

The study of a special type of grounding grid is developed 
here for nonuniform conditions with the expectation of 
obtaining at least approximately quantitative indications 
of what might be expected on grids of more conventional 
design. 

The type of grid selected for mathematical expediency 
consists of concentric rings of round thin conductors buried 
in the uniform topsoil layer, which is assumed to overlay a 
higher resistivity but also uniform rock layer. Conven- 
tional grounding grids usually consist of a rectangular 


mesh; such a structure is characterized by a uniform 
average density of conductor (feet of conductor per square 
feet of area). In order to make the information obtained 
in this study approximately applicable to such conventional 
grids, uniform average density of conductor material was 
maintained throughout the proposed concentric grid. 

When several concentric rings are connected to form a 


single grounding grid, the distribution of the ground current 


between the individual rings and the ground resistance of 


the entire grid can be calculated by the use of self- and 
mutual-resistances. 

Shown in Fig. 1 is the variation of the total ground resist- 
ance of a grid of the studied type with the conductivity 
ratio \2/A, of the two layers in the soil. Ratio of outside 
grid radius to depth of top layer is 55; its ratio to con- 


ductor diameter is 5,000. The ground resistance is ex- 


ow 
° 
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pressed in per cents of the ground resistance that would be 
obtained if all the conductor length in the grid were used in 
one single ring electrode of appropriate diameter. It can 
be observed from this diagram that the ground resistance of 
the grid will be about twice as large for the grid studied 
and, interestingly, the extent of the nonuniformity of the 
conductances has only limited effect on this ratio. 

Shown in Fig. 2 is the variation of the current discharged 
from one unit length of conductor as function of the distance 
from the center of the grid. It may be observed that this 
current density, which is a measure of the efficiency of the 
individual sections within the grid, takes on a high value 
only on the periphery of the grid and drops rapidly toward 
the center of the grid, even if the difference in the conduc- 
tivity is relatively moderate, such as A2/A; = '/2 

Even relatively moderate vertical variations of the ground 
resistivity have extensive effects on the efficiency and ground 
resistance of grounding grids. Such variations should be 
a major consideration in predetermining ground resistances, 
and the results of this study are believed to give some aid 
toward that end. 

It may be seen that an underlying higher resistivity layer 
in the soil renders the inner portion of grounding grids in- 
creasingly ineffective, with increasing nonuniformity of soil 
conductivities. 

It is more economical to use the conductor material 
spread out on as large a periphery as possible; the periphery 
rather than the area of the grounding electrode determines 
the ground resistance. 

While the numerical results expressed in the figures 
apply strictly only for the special type of grid that was 
studied, it is expected that they give good approximations 
also for square-mesh grids, using same conductor length 
and diameter if the area is not very elongated. 


Digest of paper 65-713, ‘‘Efficiency of Grounding Grids with Nonuniform Soil,” recom- 
mended by the AIEE Committee on Transmission and Distribution and approved by 
the AIEE Committee on Technical Operations for presentation at the AIEE Fall 
General Meeting, Chicago, Ill., October 3-7, 1955. Published in AIEE Power Apparatus 
and Systems, December 1955, pp. 1230-3. 
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History of the Medal 


P, YERKES 


FELLOW ATEIE 


r HIS OCCASION marks the 45th presentation of the 
L Edison Medal, which is awarded annually “. for 
meritorious achievement in electrical science or electrical 
engineering or the electrical arts.’ On these 45 occasions, 
chievement in all branches of our profession in which 
Alva 


been recognized. 


Thomas Edison labored with such distinction have 
So, also, have virtually all of its other 
including Mr. 


Today’s award, in going to Leonid Alex- 


branches, those which have arisen since 


Edison’s time 
for his outstanding contribution to 


under Umansky 


the electrification of industry through the application of 


electrical machines, devices, and systems to automatic 


process machinery; and for his inspiration, leadership, and 
teaching of men in this work,” is thoroughly in tune with 
both the spirit and deed of these previous awards. 
Selection of the Medalist is the responsibility of the 
Medal the Institute of 


Electrical Engineers. ‘The Committee of 21 members con- 


Edison Committee of American 


sists of two parts—the first comprising 6 members of the 
Board of Directors having 3 members elected, by secret 
ballot of the Board each year, for a 2-year term; and the 
second part comprising 15 members from the general 
membership of the Institute having 3 appointed each year 
by the President, for a term of 5 years. By constituting the 
Committee in this manner, continuity in its operations and 
in its point of view is preserved, and experience in the 
conduct of its duties is carried over from year to year. 
the Com- 
mittee, by groups of Institute members such as the Sections, 


Candidates for the Medal are proposed by 


I'he Committee discusses the 
candidates thoroughly and confidentially in a committee 


x by individual members. 


Presentation and acceptance addresses at the Edison Medal ceremonies held during the 
AIEE Winter General Meeting, New York, N. Y., January 30-—February 3, 1956 


2. P. Yerkes is engineer of equipment, eastern area, Bell Telephone Company of 
Philadelphia, Pa 


Pennsylvania 
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22! Edison Medalist 


“ 


... for his outstanding contribution to the 


electrification of industry . . . and for his inspir- 
ation, leadership, and teaching of men in this 


work.” 


meeting and by secret ballot arrives at the selection of a 
single candidate. As it is not likely that the complete 
Committee has attended the meeting, the entire Committee 
membership is subsequently polled by letter ballot, so that 
the candidate chosen is the selection of the entire Committee, 
not just those present at the meeting. 

lhe culmination of the Committee’s work as portrayed in 
this ceremony is a very pleasant task, but the preliminary 
work, that which precedes the final selection, is most 
difficult. It is both pleasant and fairly easy to discover 
men whose achievements qualify them for the Edison Medal, 
but to search out and choose one among them supremely 
qualified is most difficult. The Committee is glad to be 
able to say, as have its predecessors, that it is proud of its 
work, and that the present Medalist, in joining the distin- 
guished list of former Medalists, confers still further dis- 
tinction upon that group. 


The Medal Recipient 


M. ROBERTS 


FELLOW AIEE 


EONID ALEXANDER UMANSKY 
Nikolaiev, Russia, an industrial and shipbuilding town, 
on July 23, 1890. His father was a mechanical engineer, 
and some of his forebears, including a grandfather who 
pioneered the coal mining industry in southern Russia, 


was born in 


were engaged in one form or another of industrial activity. 

After the usual boyhood training in what we call the 
elementary and high schools, he enrolled as a student of 
electrical engineering at the Polytechnic Institute of St. 
Petersburg from whence he graduated in 1915. 

Mr. Umansky, being modest, does not speak of his college 
years; 
picture of his college life and the early development of his 
character have been gathered. 


but, with a little help from some classmates, a 


He was a brilliant student 
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and had the custom been in vogue in Russia at that time, 
he might very well have been elected by fellow students 
as ‘“‘most likely to succeed.” 


Organization of a class to study English was one extra- 


technical 
publications in our language held his interest and he par- 


curricular activity he inaugurated because 
ticularly wanted to be able to read the AIEE Proceedings. 
Today, his ability to speak English fluently and to write it 
well is a fine tribute to Miss Grace Spence, London, Eng- 
land, who taught those boys. This mastery of English has 
contributed in a large degree to Mr. Umansky’s success in 
explaining and teaching his engineering. 

He organized a society of electrical engineering students 
called ‘‘The Electrical Circle.’ 
student branches of AIEE. 


, 


his was not unlike the 
Technical papers were pre- 
sented by the students, just as is done in the AIEE today, 
and the ““Transactions”’ were printed and bound in a book 
at the students’ own expense. During the organization of 
this ‘Circle’? he carried a file of the early Proceedings of 
AIEE and tossing them on the conference table remarked, 
“‘Here is our model, we should do like that.” 

World War I was under way when he graduated from 
college so that his first postgraduate activity was as a 
civilian employee of the Imperial Russian Artillery. He 
was given a two months’ course in munitions manufacture 
and then packed off to the United States as a munitions 
He landed in New York December 16, 1915, 
and at once was assigned to the General Electric Plant 


inspector. 


(GE), Schenectady, N. Y., to inspect detonators for high 
explosive shells which were being manufactured there for 
the Russian Government. 

He must have been well impressed with our workmanship 
at that time for, after three years of munitions inspection 
and following the Revolution in Russia, he applied for a 
job with General Electric and was accepted as a student 
engineer, or test man as they were called in those days. 
He began his career with GE on February 7, 1919, and 
accomplishments from that day show how he made use 
of the opportunities afforded him in his adopted country. 


In June 1920, he was assigned to work as an “applica- 
tion engineer” in the GE department assigned to follow a 
kind of engineering which involved the systematic appli- 
cation of electrical apparatus in industry. This assign- 
ment was so natural and satisfactory that he has spent all 
of his professional life in helping to develop his kind of engi- 
neering which is recognized today as indispensable to the 
electrification and development of our product industries. 

This is the first time that the Edison Medal has been 
awarded to an engineer who has distinguished himself in 
the field of industrial application engineering. 

In 1920, much of American industry was unelectrified. 
However, the electrical manufacturing industry, which 
had gained impetus during World War I, was young, ag- 
gressive, and in the hands of capable management. It needed 
engineering guidance and direction to play its part in step- 
ping up production, creating new and better jobs, and making 
all the astonishing and magnificent contributions which 
have resulted in our amazing record of industrial progress. 
But, before these contributions could be made application 
engineering had to be developed. If one man can be con- 
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LEONID A. UMANSKY, retired engineering manager, General 
Electric Company, being presented with the Edison Medal by 
AIEE President Morris D. Hooven at the Winter General Meet- 
ing, January 30, 1956, in the Hotel Statler, New York, N. Y 


sidered the leader in developing this new type of engineering 
service, Mr. Umansky is that man. 

It was conceived that the application engineer should 
bear the same relation to his work as does an architect to 
the finished building. He should visualize each industrial 
project in its entirety—from conception to completion 
and so co-ordinate all parts that a smooth functioning whole 
would be the result. The power generation and distribu- 
tion equipment, the electrical utilization apparatus, and 
the production machinery all must be considered as part of 
the over-all system even in the application of a single prod- 
uct if success is to result. 

Typically, Mr. Umansky was assigned to tackle one of the 
biggest and most formidable of all problems—the electrifica- 
tion of the steel industry. 

A whole series of important electrification projects can 
be recorded as resulting from his work in the industry 
He early recognized the importance to all industrial ap- 
plications of adjustable speed to obtain flexibility, optimum 
production, and high efficiency. One of the first major 
contributions he made was to analyze all available adjust- 
able speed drives—both alternating current and direct 
current, and provide direction as to their most profitable 
use. Today the original paper presented by him, in 
September 1924, to the Association of Iron and Steel En- 
gineers, is still the classic treatise on a-c drives. 

Pioneer in the use of synchronous motors for rolling 
mills; Mr. Umansky applied the first electrical equipment t« 
flying shears. He received the Coffin Award, the highest 
GE award for extraordinary contribution, for his initial 
application of d-c motors to runout tables. He invented 
and patented the magnetic tensiometer when he saw the 
need to measure tension between the rolls of cold rolling 
mills. This device, in wide use today, makes possible the 
high speed operation of such mills. It is significant that 


Mr. Umansky was thinking in terms of what we today call 
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“automation practices” in these early days because he 
specified at the time that the tensiometer could be consid- 
ered as a means for controlling the tension as well as 
measuring it. 

On February 4, 1927, Mr. Umansky became a citizen 
of the United States. 

In conjunction with T. M. Linville he conducted an in- 
vestigation into the transient speed regulation of d-c motors 
and their findings were presented in Electrical Engineering, 
April 1935. He encouraged and stimulated use of ro- 
tating amplifiers, made the first application in the United 
States of power rectifiers for main roll drives, and developed 
a power factor control for strip mills which is still in use. 

In all, Mr. Umansky has 18 patents covering his inven- 
tions, and his work is recorded in dozens of articles and 
papers, many of which were presented before the AIEE. 

In 1940, he was put in charge of engineering for all 
GE industrial applications. In this capacity, he had op- 
portunity to assess the over-all relations between electrical 
manufacturers and the industries and saw the need for much 
He felt 
be accomplished through AIEE. He 
actively co-operated in the formation of the General In- 


closer co-operation and better understanding. 


that this could 
dustry Applications Committee, of which he was first 
chairman, and encouraged the holding of industry con- 
ferences within AIEE, each devoted to a specific industry, 
such as: 
Ohio; 
Ohio; 


done much to promote better understanding between elec- 


the Rubber Industry Conference in Akron, 
Machine Tool Industry Conference in Cleveland, 
and elsewhere. This work within the Institute has 
trical engineers in all industries. 

During World War II, the 400-cycle a-c 
tem for large aircraft was developed under Mr. Umansky’s 
supervision. 


power sys- 
He fostered and inspired many improve- 
industrial He en- 
couraged the use of higher distribution voltages and higher 


ments in power systems practices. 
voltage lighting, thus saving hundreds of tons of strategic 
materials, and the “‘load center system”? when its associated 
factory assembled unit substations. These improvements 
enabled many new war production plants to manufacture 
months earlier than otherwise would have been the case. 

He has continued to advocate the use of adjustable speed 
drives which are now essential to the adoption of auto- 
mation principles in industry, and he has been one of the 
most enthusiastic proponents of the use of mercury-arc 
rectifiers for such applications as main roll drives in the 
steel mills and the electronic printing press drives, as well 
as in electrochemical processes. The multigenerator sec- 
tional paper machine drive, with its precise electronic 
He has 
encouraged and expanded the use of industrial electronics, 


regulator, was developed under his direction. 


adoption of magnetic amplifiers, process instrumentation and 
control, and all kinds of regulating and feedback systems. 
In a slightly different field it was he who initiated the use 
of gas turbines for pumping gas in pipe lines, and he did 
much to encourage the use of gas turbines in locomotives. 
Although these achievements have made him one of the 
outstanding engineers in our country, his greatest single 
He 


has devoted time to encourage and train young engineers, 


contribution has been as a teacher and leader of men. 
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ane has never missed an opportunity to provide guidance 
and encouragement to the younger men 
of GE. He has systematized the training within the com- 
pany by organizing what is called the ‘‘Umansky Univer- 
sity,’ a unique institute for training application engineers. 

His direct objective approach to the solution of any 


both in and out 


problems, his dry humor and his unfailing efforts to see 
both sides of any question have endeared Mr. Umansky 
to engineers. 

Recently, he made a statement which is typical, and I 
quote: 


“Let me publicly acknowledge one debt of which 
I have always been conscious. I came to this 
country almost 40 years ago with a college educa- 
tion and very little else. Here, I got the opportu- 
nity to be a free man, to work in my chosen field, 
and to develop to the limit of my own ability. 
This country, and its people—including 
ladies and gentlemen—has adopted me as one 
of its own. 


you, 


And for this I am deeply grateful.” 


I think that our friend has repaid his adopted country 
to the full by his many contributions and we, too, are grate- 
ful for the opportunity which has been given to us to know 
and to work with this great American engineer. 


Electrical Engineers in Industry 


L. A. UMANSKY 


FELLOW AIEE 


WOULD BE LESS THAN HUMAN if I did not feel a 

deep gratitude to the Institute, and its Edison Medal 
Committee for the high honor bestowed on me—and if I did 
not feel a certain amount of pride in this honor. Yet, 
I fully realize that, although an individual is often singled 
out, it is really associates amongst whom he has spent his 
active years, the 
associates create the proper working atmosphere, they 
train or assist the individual, offer guidance and suggestions, 


that jointly deserve honor. These 


share his work and, in short, make the man a member of 
the team. 

Throughout my professional life, I was associated with 
the group of engineers whose task it has been to electrify 
and operate our industry. The application engineers of 
the electric equipment builders and, particularly, the 
electrical engineers in our great mining and manufacturing 
industries, comprise this team. My close association with 
them for many years, gave me a good opportunity to ob- 
serve and to appreciate their great contribution to our life. 

Let us consider the background of this activity. The 
abundant and rapidly of power is the 
cornerstone of 


growing use 
our high industrial productivity or— 
which is another way of saying—of our standard of living. 
The rising amount of worldly goods we have and the 
increased hours of leisure to enjoy them are made possible 
by this growing use of power. Although I do not want 
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to deprecate the importance of spiritual values in life, I 
believe that it is the material well-being which frees our 
spirit and intellect and permits us to become better all- 
round men. In 1955, our industry consumed over 300- 
billion kwhr, or more than 55 per cent of all electric 
energy used in our country. Only a generation ago, each 
production worker had less than 3 hp at his disposal; now 
he has over 10 hp. His muscle power is now amplified 
more than a hundredfold. His productivity, always high 
as compared with the rest of the world, rises at an average 
rate better than 3 per cent per year. Not only do we 
mechanize the industry, i.e., apply electricity as a motive 
power, but we extend at an even higher rate the use of 
electricity for electrochemical processes and_ electric 
furnaces. In the last 15 years alone, this annual use has 
jumped 5!/2 times from 10- to 54-billion kwhr. From 
all the evidence at hand, the industrial use of power will 
more than double in the next 10 years. 

But the use of electricity means far more than providing 
a mere bulk of power for industry. It permits of its easy 
transmission into strategic spots; of subdividing it, when 
needed, in multiple units, greatly simplifying the me- 
chanical design of process machinery; of application of 
closely regulated adjustable-speed drives for continuous 
processes of unprecedented high speed; more often than 
not, of changing the processes themselves. Most impor- 
tant, electricity has made possible the application of intricate 
and automatic controls. Thus, it supplies the “brains” 
as well as the “brawn’’ for our industrial life. Automa- 
tion—the much discussed subject nowadays—is unthink- 
able in practical terms, without electrification. 

In some cases, automation might eliminate the need of 
human brains to operate an already established and 
tuned-up production line, but it obviously cannot by 
itself invent a other 
words, automation is merely a sign or result of tech- 
nical progress, but is neither its cause, nor its source. 
It is still the human brain that provides the necessary 
impulse, that creates constructive dissatisfaction with the 
present, and paves the way to a better future. It is in 
this field that the electrical engineer in industry fully 
comes into his own, and the magnitude and scope of his 
tasks are broad and far-reaching. 


create or new process. In 


In a typical industry, he is concerned, first of all, with 


the problem of power distribution in his plant; a large. 


task in itself if you remember that this now involves over 
300-billion kwhr per year. In many cases, when his 
industry is endowed with by-product power, he must be 
engaged in power generation, reaching in a number of 
plants into hundreds of thousands of kilowatts. Then, and 
foremost, he must take care of proper utilization of this 
energy in the form of power, heat, and light. To do so, 
he must combine several electric products into a co- 
ordinated system, and then he must blend the latter with 
the technological process and machinery used in his in- 
dustry. Ideally, in addition to the mastery of electrical 
engineering, he must be fully conversant with the industrial 
processes, as then only can he effectively and efficiently 
electrify them; then only can he think of ways of improving 
these processes. In short, the electrical engineer is the 
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spark plug of progress, the cross-fertilizing agent in his 
industry—whether he himself, or others, realize it or not. 

It is abundantly evident that no engineer can fully 
develop himself without association with his fellow engineers 
pursuing similar work. Here is a clear-cut task for tech- 
nical societies like our own AIEE. The Institute will 
find its expanding activities in industry both constructive 
and rewarding. The regular AIEE Technical Com- 
mittees and Industry Conferences, such as have lately 
been established in the rubber, textile, machine tool, 
petroleum, paper, and other industrial lines, provide the 
needed focal points to organize and bring together the 
This 
promotes sound engineering, stimulates engineering prog- 
ress, and extends the AIEE influence in new and expanding 
fields. 

There is another question which should loom prominently 
in our minds. 


electrical engineers working in these industries. 


How can we reconcile the expected rapid 
growth of our industrial life with the threatened shortage 
of engineering graduates? That 
beyond doubt. Much has been done, and more has been 
proposed to 
however, we can readily resolve this problem by 


this shortage exists is 


alleviate this situation. Fundamentally, 
the 
already existing means at our disposal. 

In the first place, the old and reliable law of supply 
and demand should, and will, effectively function to make 
the engineering career economically attractive, both to 
The effect of 


In order to shorten the cycle 


young graduates and to more mature men. 
this law is cyclic in nature. 
and to accelerate the process, no effort should be spared 
in airing this problem publicly, again and again. 

Second, the industry will find it expedient to provide 
engineers with more outward signs of respect and recogni- 
tion—with trappings of office if you will—which are just 
as important for human morale as the paycheck. Men 
appreciate gold braid as much as they do gold coin. 

Last, but far from least, the engineers, particularly the 
younger ones, are best attracted not only by good pay and 
professional recognition, but also by the opportunity to 
learn, and to further develop themselves as engineers. 
More and more, industry calls for men either having, or 
capable of developing, the vision, grasp of fundamentals, 
and knowledge of modern analytical techniques. Many 
industries can offer young men not only interesting work, 
but also the opportunity of being schooled in such new 
advanced disciplines as, for instance, power applica- 
tions, feedback control, electronics computer studies, and 
others. It is gratifying to observe that the young genera- 
tion usually places this opportunity to learn on the top of 
its list of requirements. Our experience shows beyond 
reasonable doubt that when this opportunity exists, the 
young electrical graduates are eager to enter the rapidly 
growing and promising industrial activity. 

All these factors make me feel certain that our engineer- 
ing progress in industry will not dry up due to a man- 
power shortage. ‘This is indeed a field of unlimited possi- 
bilities; of great romance and fascination. 

As a self-appointed representative of electrical engi- 
neers in the industry (for today), and on their behalf, I 
gratefully accept the 1955 Edison Medal. 
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Turbine-Generator Insulation ‘Testing 


be 


ASSOCIATE 


The problem of evaluating the condition of 
generator to be general 
This article deals 
with recent experiences of the Detroit Edison 
Company with direct high-voltage testing. 


insulation seems 


throughout the industry. 


N INSULATION TEST WITH A MEGGER was re- 
A lied upon for many years to evaluate the condition of 

generator insulation. Experience proved this test a 
sensitive detector of moisture; thus when a historical record 
of insulation resistance and temperature was accumulated 
for each piece of equipment, this test provided a relatively 
Later, 
the absorption test was added along with the polarization 
index feature. 


simple criterion of the condition of insulation. 


Proof testing with alternating current has 
never been adopted as a periodic test on main units at 
The Detroit Edison Company, Detroit, Mich., because of 
its destructive nature. During 1940 and 1941, power- 
factor tests were made on 20 main turbine generators, 
comprising 1.25-million kva. The results did not reveal 
alarming conditions so the test was discontinued 
partly because of the incidence of World War II. However, 
the machine which had the highest power factor, 8.9 per 


any 


cent, later failed in service, which may have been a coin- 
cidence since another machine with 8.4-per-cent power 
factor is still in service. During this early period, 1925 to 


1942, the operating record was good as only one machine 
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PLACED IN SERVICE IN 1924 
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failed in service. In fact, only one service failure has been 
experienced to date. 

In recent years, the situation has become more critical. 
Where formerly, machine obsolescence removed from service 
old windings before they had worn out, now many main 
units with insulation 30 years old are still in use. Some 
of them will be in use at least another 10 years. In fact, 
14 of 35 main turbine-generator units are 25 to 35 years 
old. These old machines range in size from 10 to 50 
megawatts (mw), and total 550 mw in a system total of 
2,400 mw. The success that others have reported with 
direct high-voltage testing led to an investigation of the 
possibilities of this relatively new method. 

On the basis of results obtained by The Detroit Edison 
Company during the past 3 years, four old machines have 
been rewound and ten have been cleared for further service; 
one of the ten was repaired. While attention has been 
focused on the old windings, all new main units and some 
middle-aged units have been tested with direct high 
Recently, advantage was taken of the avail- 
ability of the old coils in one of the rewinds to make ex- 
tensive tests with a view to determine the ultimate strength 
of 30-year-old insulation. 


voltage. 


The plan was to isolate each 
of the 126 coils, test every alternate third coil to destruction 
with direct, 60-cps, or impulse voltage. 


PERIODIC TESTS 
ALTOGETHER, 21 main units have been tested with direct 
high voltage. Of this number, 13 
units gave test results which were 
acceptable. In the interest of brev- 
ity, only one curve of a typical 





good winding is shown in Fig. 1. 
However, of the 


eight units presented a special prob- 


each remaining 





"| Y PHASE 
X PHASE 





lem and, therefore, each one will be 


discussed briefly under separate 





It will be noted that the 
high-voltage 


headings. 


U direct test was very 


/ 





helpful and in only one case did it 


é 
grr STALE fall short of expectations. 





Full text of paper 56-51, “Testing of Main Turbine- 
Generator Insulation,’’ recommended by the AIEE 
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Mulavey—Turbine-Generator Insulation Testing 


Direct high-potential tests before rewinding, number 2 main turbine generator 
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Power-factor data are included wherever they are avail- 
able on the eight units. In general, when other high-voltage 
a-c tests are made, power factor is measured with a simple 
unshielded wattmeter, ammeter, and voltmeter circuit, 


which provide useful information. 


Turbine Generator Number 2, 


Trenton Channel. This ma- 
chine is rated 50 mw, 62!/2 megavolts-amperes, 12.2 kv, 
1,200 rpm, 60 cps, 6 poles with 126 slots, coil wound with 
three turns per coil. It was placed in service in 1924, and 
all of the original coils appeared to be in good condition. 
rhe historical record of absorption tests and the polariza- 
tion index were good. 

3-year overhaul, a 
Fig. 1 


Microampere leakage is plotted against 


While the machine was down for a 
direct high-voltage test was applied. shows the 
results of this test. 
applied voltage. The voltage was increased slowly, stop- 
ping at each 5-kv step to allow the current to settle before 
advancing to the next step. Altogether, about 45 minutes 
was required for each phase. It was intended to apply up 
to double rated voltage or 24.4 kv, but the current became 
unstable at 15 kv. The end-turn insulation was cleaned as 
well as possible without removing the rotor and the test 


No 


Power factor measured 8.8 per cent at 5 kv. 


obtained. 
A 60-cps 
withstand test of 16.5 kv was applied to determine if the 
unit was suitable for further service. 


repeated. significant improvement was 


Two of the three 
phases failed on this test, but the Y phase, which had showed 
up the worst on the direct-voltage test, withstood the 16.5- 
kv 60-cps test. On this particular machine, the correla- 
tion between direct- and alternating-voltage breakdown 


values is not very good. 


The erratic behavior of the direct-voltage test on Y phase 


of this machine is of special interest because nothing like it 
had been experienced on other machines. It was strongly 
suspected that a direct path to ground through the insula- 
tion was providing the equivalent of a gap spill-over. 
Steps were taken to run down the weak coil. Fig. 2 shows 
quite clearly that failure occurred in a direct radial path 
through the insulation in contrast to the usual failure which 
follows a devious path. This coil was located in the bottom 
of slot 90 and the fault occurred on the turbine side at the 
end of the slot. Fortunately, the defective coil was the 
second one from the neutral in a series of seven coils per 
phase. It was decided to completely rewind this unit be- 
cause it was not considered practical to repair a coil- 
wound stator. 

It should be noted that the d-c test did not produce com- 
plete breakdown of the insulation as there was no avalanche 
This 


may have been caused by the low capacity of the direct 


of current such as other investigators have reported. 


high-voltage source. 

The extensive tests on isolated coils previously referred 
to were made on this unit, and the data will be found 
under the heading ‘“‘Individual Coil Tests.” 


The stator 
of this generator was tested with the intention of applying 


Turbine Generator Number 3, Trenton Channel. 


up to double rated voltage or 24.4 kv direct current. 
However, the extrapolated leakage curves indicated that 
failure might occur at about 19, 15, and 12.5 kv direct 
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Coil failure, bottom of slot 90, turbine end, number 2 


Fig. 2. 


main turbine generator 


and 


the X, Y, 
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| Be ke 
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number 2, 


4 
+ 


this unit was installed in 192 


PLACED IN SERVICE !929 


AFTER VARNISHING 





Fig. 3. Direct number 6 main turbine 
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Fig. 4. Test setup for a-c, d-c, and surge tests of old stator coils, 
number 2 main turbine generator 
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repaired winding tested satisfactory and the unit was re- 
turned to service. 


Turbine Generator Number 5, Trenton Channel. A routine 
direct high-voltage test indicated the ultimate strength of 
the stator insulation to be about 16, 18, and 16 kv respec- 
tively, on the X, Y, and Z phases. Dielectric failures oc- 
curred at 16.5, 12.3, and 15 kv rms. The faulted bars were 
cut out, and failures again occurred at 16.5, 14, and 16.5 kv. 
Deterioration appeared to be general throughout the ma- 
chine so it was rewound. This was a bar winding, in- 
stalled in 1927. 


Turbine Generator Number 6, Trenton Channel (A machine 
successfully cleaned). ‘The microampere leakage versus direct- 
voltage curves of Fig. 3 tell the story of this unit; only one 
phase is shown, as all three phases had similar curves. 
Serious consideration was given to rewinding this unit 
after the first test, but cleaning and varnishing made so 
much improvement as shown by the d-c test, that re- 
winding was deferred. Before the unit was returned to 
service, it withstood a 16.5-kv a-c test. The power factor 
at 10 kv measured 9.55, 9.27, and 9.30 per cent, respectively, 
on the X, Y, and Z phases. It is planned to recheck this 
machine. It was placed in service in 1929. 


Fig. 5. Old stator coils isolated for tests, number 2 main unit 


Turbine Generator Number 4, Trenton Channel (A machine 
successfully repaired). The stator of turbine generator 
number / was tested while it was down for overhaul. 
Two phases tested satisfactorily, but the third gave evi- 
dence of impending failure at 16 kv direct current. It Turbine Generator Number 6, Marysville. Examination of 
failed at 10 kv on a 60-cps test. As this was a bar winding, the end-turn insulation, at the time of the direct high- 
it was possible to replace the defective coil, whereupon the voltage test revealed numerous cracks. Grounded metal 
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BARGRAPH No. 3 — DIRECT HIGH=VOLTAGE TESTS 
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Fig. 6. Bargraphs of tests of isolated coils, number 2 main unit 
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foil was applied over the suspected areas and the d-c test 
repeated. The test showed that the surface cracks were 
not very deep because the leakage current did not increase. 
The end 


returned to service. 


before the machine was 
This unit was commissioned in 1930. 


turns were varnished 


Turbine Generator Number 15, Delray (Insufficient terminal 
clearance). The routine direct high-voltage test on this 
unit is mentioned because of faulty test procedure on the 
initial test. It was not convenient to obtain enough clear- 
ance to connecting copper at the line terminals, so slabs of 
1/2-inch thick micarta were inserted. The leakage current 
versus voltage curve showed a very sharp rise at 15 kv. 
However, when sufficient clearance was provided, a very 
satisfactory leakage curve was obtained up to 28.8 kv. 

This was a 75-mw 1,800-rpm 60-cps unit. All of the 
aforementioned units were 50-mw 1,200-rpm machines. 


The next unit to be discussed will be a 30-mw machine. 
Creek. This 
mw 1,800-rpm 60-cycle unit had one phase with an in- 
dicated strength of 13 kv on the direct-voltage test. It 
failed on a 60-cycle test at 14 kv. 
cut out, but failure again occurred at 13 kv alternating 
current. 


Turbine Generator Number 8, Conners 30- 


The defective bar was 


A spare set of coils was available, so the unit was 
completely rewound. 


INDIVIDUAL COIL TESTS 


THE INDIVIDUAL COIL TESTS made on coils of turbine 


generator number 2 are discussed in the following para- 
graphs. Fig. 4 shows assembled test equipment, and Fig. 5 
The 


significant test results are given in the bargraphs of Fig. 6. 


shows the generator with the coils isolated for test. 


It was not possible in some cases to get sufficient clearance 
to ground where the end turns were cut, and some flash- 
overs occurred before failure took place. For this reason, 
the actual insulation strength is somewhat higher than the 


tests indicate. 
Direct-Voltage Tests. 

and the current allowed to settle, usually 5 minutes at each 

step. 


Voltage was applied in 5-kv steps 


Bargraph number 3 of Fig. 6 shows that insulation 
strength was fairly uniform throughout the winding and 
The 


averaged about 40 kv. Every third coil was tested. 


values shown are withstand values. 
Ten kv 
2-kv 
The withstand values are plotted 
the 


Stxty-cps Tests. 
was applied for 1 


This was a step-by-step test. 


minute and then increased in 
steps of 1 minute each. 
in bargraph number 2. Again insulation strength 
appears quite uniform throughout and the average is about 
25 kv. 


Surge Tests. The remaining coils were given a surge test 
with a 1!/_ by 40 wave. 
at 20 kv; 


creased about 10 kv until failure occurred or end flashover 


The first test on each coil was 
on each succeeding test the voltage was in- 
took place. Bargraph number 1, Fig. 6, shows that coil 
strength was again uniform and that average withstand 
strength was 45 kv. The withstand voltage is the crest 
value of the impulse wave. 

The necessity of rewinding a machine which displayed 
so much strength on the forgoing tests may be questioned. 
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Reference to Fig. 6 will show that there were several weak 
coils distributed throughout the winding, and it would not 
be practical to replace coils in a coil-wound stator. 


Correlation of D-C to A-C Tests. 
coils indicate an average d-c strength about 1.6 times the 
average a-c strength. 


The tests on individual 


However, when complete phases 
have been tested to destruction, this ratio has been found 
to be about one to one, based on the projected d-c strength. 


CONCLUSIONS 


DIRECT HIGH-VOLTAGE TESTING has been found to be a 
very satisfactory method of evaluating the condition of 
generator insulation. It is generally possible to anticipate 
insulation failure without breaking it down. However, 
one experience indicates that failures can occur without 
warning even though the test is conducted with the greatest 
care. 

The isolated coil tests reveal that 30-year-old insulation 
The surge strength of this 
old insulation is particularly impressive. 


may have surprising strength. 
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Stereo Reverberation 


A shortage of good concert halls that music 
is often presented in a hall which is less suitable for this pur- 


Such halls can be given 


means 


pose, for example, in a theater. 
better acoustics for music by providing artificial diffuse 
An Philips 


Technical Review, with which such “‘stereo reverberation” 


reverberation. installation is described in 


can be provided electroacoustically. It is based on a 
so-called ‘‘delay-wheel,”’ the rim of which is coated with a 
material suitable for magnetic sound recording. A record- 
ing head records the music performed. A number of 
play-back heads (four or six) around the circumference of 
the rotating wheel pick up the recorded sound with pre- 
determined time lags, and separately feed a group of loud- 
speakers, mounted throughout the hall. The intensity of 
each group is independently controllable, and the time 
lags can be regulated by the speed of the wheel. The 
sound is picked up by one or two “line microphones,” 
each consisting of ten condenser microphones with strongly 
directional characteristics, to reduce the possibility of con 
tinuous “howl-back.”” This produces a great improvement 
in the acoustics of a hall, and the performing musicians are 


aware that it makes the hall more “playable.” 
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Using Analogue Computers in Power System Studies 


J. E. VAN NESS 
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N THE PAST FEW YEARS a great interest has de- 
veloped in the use of digital computers for solving the en- 

gineering problems of utility companies. The utility engi- 
neer already was familiar with the use of computers such as 
the network analyzer for power system studies, but many 
types of problems were encountered which were either long 
and tedious or impossible of solution on the network 
analyzer. As digital computers became more available, 
often because they could be bought or rented for use by 
both the engineering and accounting staffs, the engineer 
turned to them as a new tool for solving his problems. In 
doing this, he often overlooked the new methods that have 
been developed in analogue computers. 

Analogue computers can be divided into the direct and 
operational types. Most of the original analogue computers 
were of the direct type. An example is a network analyzer 
in which the impedance of the lines is represented directly 
by impedance, voltage by voltage, and current by current. 
In the operational type of computer, summing and inte- 
grating amplifiers are used to represent the equations of the 
system. By combining one of these operational analogue 
computers with a network analyzer, the door is opened to 
the solution of many new types of problems, such as studies 
of automatic voltage regulators, automatic dispatching sys- 
tems, etc. In addition, many of the more conventional 
problems, can be solved much faster and much more easily 
because the analyzer will become semiautomatic. 


Northwestern University has recently set up a new com- 
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putational laboratory which contains both a network 
analyzer and an operational analogue computer. The two 
units are in the same room and are so arranged that they 
can be used either together or separately. The network 
analyzer was developed and built at the university and has 
The 


analogue computer is a standard commercial model. 


been described in detail previously.! operational 

A new type of generator unit has been designed for the 
network analyzer which serves the double function of mak- 
ing the process of problem solving more automatic, and 
acting as a device for coupling the analogue computer and 
the network analyzer. With this unit, the desired mag- 
nitudes of voltage output and power output are obtained 
directly by adjusting two control knobs. These quantities are 
then automatically maintained at the desired levels. 

Jacks are provided for making connections to the 
analogue computer so that analogues’ for the synchronous 
machine which include the effects of inertia, saliency, and 
flux decay together with the effects of voltage regulators, 
governors, and other control equipment can be set up. 
Thus, the problem-solving ability of the network analyzer 
can be greatly increased. 

As an example of the type of problem which can be solved 
using the two computers together, a system was set up which 
consisted of a synchronous machine with a voltage regulator 
A tran- 


sient was applied to the system by opening the transmission 


connected through a reactance to an infinite bus. 


line connecting the machine to the infinite bus for ap- 
proximately 0.14 second and then reclosing it. The re- 
sulting swings of the machine’s angle, terminal voltage, field 
voltage, and field current, as traced by the recorder, are 
shown in Fig. 1. 
With these new facilities the university will be better 
able to fulfill its proper role with respect to the electric 
power industry. Many new types of systems and problems 
can be studied, and the necessary research carried out to 
provide a foundation of knowledge needed for further ad- 
vancement of power systems. This research can be done in 
two ways, by the faculty directly and by graduate students 
interested in the fields of power and control. An active 
group working in this field cannot help but give the under- 
graduates an impression that this is an active and interest- 


ing field, thus helping to attract able students to it. 
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Sonance Design of Large Induction Motors 


R. L. 


ASSOCIATE 


Mi YTOR NOISE must be reduced to ever lower levels 
to meet the new demands of motor users. Today, 
an increasing awareness of noise is largely caused by the 
progressive mechanization of our lives, requiring use of 
noise-producing machines, as well as by the emphasis in 
recent years on physiological and psychological effects. 

At present, no reasonable sound level can be set, which 
will ensure that if the noise produced by a motor is below 
this level it will be satisfactorily quiet in all applications. 
Acceptable sound levels and characteristics must be 
determined for each type of application and, in some cases, 
for individual 


motors. For determining the acceptable 


noise levels, there is a need for a meaningful standard. 

[he physical factors that make an induction motor a 
machine for converting electric energy into mechanical 
energy, also make it a machine for converting this energy 
into acoustical energy. The problem of ‘‘sonance design” 
is to reduce the acoustical efficiency of these machines so that 
they will produce less noise. Induction-motor noise may be 
classified in three main groups: (1) magnetic noise; (2) 
All three 


kinds of noise are generally produced by any motor and any 


mechanical noise; and (3) aerodynamic noise. 
one kind may be predominant depending upon the type of 
motor. Magnetic noise is produced by mechanical vibra- 
tion of the motor frame or components, where the vibro- 
motive force is supplied by the magnetic fields of the motor. 
Mechanical noise in induction motors is caused by rotor 
unbalance, bearings, and the effects of mechanical fits and 
noise can be mini- 


tolerances. Magnetic and mechanica 


mized by good design and manufacturing techniques. 
[hese types of noise usually are not a serious problem in 
large motors. 

Aerodynamic noise is often the predominant noise pro- 
duced by large induction motors. This is a broad classifi- 
cation that includes fan noise, air-flow noise, and the noise 
produced by the siren action of radial rotor and stator ducts. 
Numerous tests on motors have shown that, where fan noise 
is predominant, the sound energy produced varies approxi- 
mately as the 5th power of the peripheral velocity of the 
fan-blade tips. All types of fans of the same capacity do 
not make the same amount of noise, but the fans on a high- 
speed motor can produce objectionable sound levels even 
when optimum designs are used. In motors that have 

the 


predominant noise is often that produced by the siren action 


radial ducts in the rotor and stator for ventilation, 


of these ducts. This noise is more objectionable than fan 
noise in that it is a pure-tone high-frequency noise. To 
reduce this noise, the siren should be made as inefficient as 


possible, but at the same time there are certain air-flow 
requirements to be maintained. 

In spite of good design practices, if nothing additional is 
done to reduce the aerodynamic noise, objectionable sound 
may be produced by large motors. It is then necessary 
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to employ other means of reducing this noise to satisfactory 
levels. One such method is the use of dissipative-type 
mufflers. These mufflers are constructed in such a way 


that the air entering and leaving the motor must make 


a series of 90° and/or 180° bends. This duct work may be 
lined with sound-absorbing material, and can be effiectively 
used to reduce aerodynamic noise. As an example, the 


effectiveness of acoustic treatment of the air intakes and 


exhausts of a 4-pole open dripproof motor of several- 
thousand horsepower will be considered. The predominant 
noise produced by this motor without the acoustic treat- 
ment was duct noise. The rotor of this machine produces a 
pure tone noise at about 2,300 cycles per second. 


It must be recognized that the noise this motor will 


actually produce may vary considerably, depending on its 
acoustic environment. Sound-pressure-level data represent 
the noise the motor would produce under a given set of 
conditions. It is desirable, the 


therefore, to rate noise 


produced by the motor on a sound-power basis, because 
the sound power produced is essentially unaffected by 
environment, whereas the sound-pressure level is environ- 
sensitive. 


ment [he sound power produced determines 


the latent ability of a motor to produce noise. Through 
the use of sound-power data, the distance factor usually 
associated with noise measurements is eliminated, and this 
data can be used to predict the noise that will be produced 
under a variety of conditions. Sound-power data also 
provide a better means of comparing the noise produced by 
motors of various sizes and shapes. The following data 
show sound-pressure level and sound power as functions of 


frequency for the motor with and without the mufflers. 





Motor with 
Mufflers (2) 
Sound- 


Motor without 
Mufflers (1) 
Sound- 
Pressure Sound Pressure 
Level,* Power, Level,* 
Db Watts Db 


Total f 3 033 12 
Octave Bar 

20-75 cps 31 0.011 005 

75-150 ) ( 1 013 

150-300 § 009 

300-600 5 0.{ 4 001 

600-1200 87 0.023 001 
1200-2400 11 7 0.004 
2400-4800 1 066 7 02 
4800-9600 R4 ) 62 0.000 


(1)-@) 
Sound- 
Sound 
Power, 
Watts 


Sound Pressure 
Power, Level,* 
Watts Db 


*Sound pressure level in db: 0.0002 dynes per square cm. 


The importance of noise control is obvious, and noise 
measurements are often an important part of any noise- 
control problem. The advantages of the latest noise meas- 
urement techniques and noise evaluation criteria make it 


desirable to include such practices in noise measurements. 
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Cineroentgenography 


with Image Intensification 


F. J. EULER 


ASSOCIATE MEMBER AIEE 


X-ray studies of the internal workings of critical 

moving components have been hampered until 

recently by the inability to obtain a satisfactory 

brightness level. Through use of image in- 

tensification, it is now possible to make X-ray 

motion studies in many applications previously 
considered impractical. 


TOPPING THE MOTION of a 


second after impact with armor plate, and stopping 


bullet in a micro- 
flow of metal during the pouring of a casting has been 
accomplished by the use of X rays. In order to obtain a 


satisfactory analysis of each, two entirely different X-ray 
units were required. 

It is interesting to note that these X-ray studies of ob- 
jects in motion have been done primarily in the research 
laboratories, far removed from 


production. A recent 


diversion from this tradition was the inspection of some 
arsenal items on a production basis. 

It seems logical that records should be kept of the internal 
workings of the critical moving components used on air- 
craft, ships, and mechanical and electrical apparatus. 
The obstacle to such progress has been the inability to 
obtain a satisfactory brightness level for photographing the 
fluoroscopic screen on a continuous basis, or the lack of a 
series of images to provide a satisfactory analysis. An image 
intensifier can be used to increase the image brightness to a 
satisfactory level for X-ray motion studies for many objects 


previously considered impractical. 


EXISTING X-RAY METHODS 


BEFORE THE APPLICATION of image intensification is dis- 
cussed, the major X-ray systems used in the study of motion 
will be reviewed. A better perspective of the thickness of 


metal penetration, number of exposures, maximum velocity 


Table I. 


Comparison of X-Ray Systems Use” for the Study of Objects in Motion 


P.M 


ASSOCIATE 


VIRBAL 


MEMBER AIEIE 


of the object, and the quality of film for each system will 
thereby be obtained. 

The characteristics of each system are outlined in Table I. 
he first requirement of studying objects in motion is that 
the exposure be short enough to stop motion. Note that 
as the exposure time is decreased, the size of the focal spot 
increases appreciably. Since film blur increases with the 
size of the focal spot, it is desirable to keep its size as small 
as practical by choosing X-ray equipment which will just 
stop motion. For this work, motion is considered stopped 
when film blur is approximately 0.15 mm. 

The equipment which can produce suitable short time 
exposures should then be narrowed to the group that can 
It is 
desirable to keep the number of exposures low so that the 


provide the minimum sequence of exposures needed. 


best contrast available can be obtained through a low 
voltage and high current. 

The next step should be to narrow the second group to 
those capable of penetrating the object with satisfactory 
contrast. This information can be obtained from radio- 
graphic tests with a standard X-ray unit. The milliampere- 
seconds at the maximum voltage that will provide satis- 
factory contrast can then be compared to the milliampere- 


If all of the 


conditions can be met with more than one unit, the unit 


second output of one of the available units. 


having the smallest focal spot should be chosen in order to 
obtain the best definition. 

The advantages and limitations of each major X-ray 
system for studies of objects in motion may be described 
Fig. 1 unit.!:75 It is 
used chiefly in the studies of projectiles but its exposure 


as follows. shows the Micronex 
time of 1 microsecond is capable of stopping motion for 
many other studies. It is capable of penetrating an inch 
and a half of steel by the use of high-speed film and intensi- 
The 


to 360 kilovolts when in oil, has an anode current of 3,000 


fying screens. X-ray tube operates at voltages up 
amperes, and a focal spot of 13 X 


19 mm. Besides the film blur from 





Minimum Exposure 


X-Ray Unit Time, Microseconds Total Exposure 


Penetration 
of Steel 


the large focal spot, there is the limi- 
Focal Spot Size, tation of being unable to obtain an 
Millimeters 


more often than 





Fractional microsecond, 100 1 every 3 seconds (25 


kilovolts (milliamperes vary exposures) 
with capacitance) 

Micronex, 360 kilovolts, 3,000 1.0 
amperes 

X-ray 
60 amperes 

Image amplifier with rotating. .2,777 (30 frames 
anode tube and special con- 
trol, 150 kilovolts, 0,006 
amperes 

Standard 


1 every 3 seconds (25 
exposures) 

movie, 150 kilovolts,..10.0 200 exposures in 2 
seconds 

Continuous, or fewer 
exposures at high 
currents 1 


per second with 
phase shift) 


inch, 


X-ray 1/8 inch 


0.006 


industrial 5,555 (30 frames 
150 kilovolts 


amperes 


Continuous, low cur- 


unit, per second 


11/», inches 
1/4 inch... 


1/2 inch, continuous 
(6 milliamperes) 
1/2 second 
(210 milliamperes) 3-7, 


exposure every 3 
This 


overcome by 


has been 


the 


seconds. partially 


use of up to 4 
surge generator units situated at dif- 
serent angles. Each X-ray tube is 


Revised text of a conference paper presented at the 
AIEE Fall General Meeting, Chicago, Ill., October 
1955, at a session sponsored by the AIEE Com- 
mittee on Electronics. 


F, J. Euler and P. A. Virbal are with the Westinghouse 
Electric Corporation, Baltimore, Md. 
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then controlled independently and may be fired within 
microseconds of the other. 

After considerable work had been done with the Micro- 
nex, problems arose which required shorter exposures and 
more contrast. Several laboratories throughout the coun- 
try designed special circuits to operate at 100 kilovolts for 
0.1 microsecond, using the same X-ray tube as is used on 
the Micronex. In some cases, the glass of the X-ray tube 
was reduced by 1/2 to give the higher X-radiation output 
and a better contrast. This technique is used in the study 
of detonation explosion produced shock waves in metal, and 
Some of this work has been 
reported by Breidenbach of the Aberdeen Proving Grounds.‘ 

Compared with the Micronex, the 0.1-microsecond units 


shape charge phenomena. 


give better contrast for thin sections of metal, and shorter 
exposures. However, the penetration is considerably less 


than with the Micronex. Since the exposure rate is 1 
every 3 seconds, multiple units can be used to obtain mul- 
tiple exposures as is done with the Micronex. 

The next application of X rays to the study of motion was 
to provide a longer sequence of exposures for motions re- 
quiring exposures of 10 microseconds. Such a unit was 
designed under contract with the United States Navy for 
the study of rocket propellants and is commonly referred 
to as an “X Ray Motion Picture Unit’’® (Fig. 2). This 
unit has a maximum of 150 kilovolts supplied across the 
tube by a pulse transformer within the tubehead. It can 
take 200 frames at a rate of 50, 100, or 150 frames per 
second directly on film or by photographing a fluoroscopic 
screen. Due to the inefficiency of the collection of light by 
means of lenses, and the persistence of a fluoroscopic screen, 
it is preferable to use film directly. The film is moved in 
one continuous motion over a drum coated with material 
used in intensifying screens. The big advantage of this 
type of unit over the previous two is its ability to take 
multiple exposures. Another 
focal spot of 10 by 3 mm. 


advantage is its smaller 
Its longer exposure time, and the 
small exposure field of 2'/2 by 8 inches would not be satis- 
factory for some of the problems solved by the previous 
two units. 

In 1945, some studies with X-ray motion pictures of the 
pouring of castings were reported in the British magazine 
Trade made use of 
a standard industrial 140-kilovolt unit having a stationary 


Foundry Journal.” These studies 


target and a 2.3- by 2.3-mm focal spot. It showed the 


effect of rate of pouring when using different shaped runners, 


the importance of venting, and the growth of shrinkage 
cavities. This work was done by photographing a standard 
fluoroscopic screen. 

Very valuable information was gathered in these studies. 
It was suggested that future work be aimed in two direc- 
tions: one, at the investigation of very thin sections of 


supercritical material; and the other, at heavier castings. 


IMAGE INTENSIFIER POSITION FOR MOTION STUDIES 


PRELIMINARY LABORATORY TESTS indicate that a sub- 
stitution of the image intensifier at the film position of the 
Micronex and fractional microsecond units would not per- 
mit the penetration of thicker sections. The intensifying 
action of the image tube cannot match the effect of the 
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Fig. 1. 
charged in parallel then discharged in series across the X-ray 
tube 


Surge generator of Micronex unit. Six capacitors are 


fast film and front and back intensifying screens. In the 
case of the ““X-Ray Movie Unit,” rough calculations indi- 
cate that the penetration range could be extended from 
1/4 inch to about 1 


2 inch of steel. The field of study would 


be changed from the 2!/2- by 8-inch area to a 5-inch circle, 
the movement of the film would be greatly simplified, and 
the blur due to motion eliminated. It is not known at 
this time whether screen persistence would be a problem 
The foundry work on thin sections of supercritical ma- 
terial could most suitably be investigated by the use of 
rotating anode X-ray tubes operated at high milliamperage 
for short exposure times. This technique would give good 
sensitivity by using lower voltages for high contrast, and 
better definition with the available focal spots of 0.3 mm or 


1.0 mm.’ 





Fig. 2 
X-ray camera in a light-tight enclosure, with height-adjusting 
mechanism. In the center is the oil-filled tube head which houses 
the X-ray tube and 50-kv pulse transformer. On the right is 


X-ray movie unit. On the left is the direct-recording 


the power and control unit 
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Fig. 3. 
below the table top. 


Cine-Fluorex unit. The X-ray tube is mounted 18 inches 
The image intensifier is mounted directly 
above, followed by the lens system and camera. The auxiliary 
control to the right contains the brightness stabilizer and settings 


for brightness levels and different speed films 


(he image intensifier can extend the range of metal 
penetration to investigate the pouring of heavier castings. 
For example: with a 150-kilovolt X-ray tube operated at 
6 milliamperes, motion pictures can be obtained through 
1/2 inch of steel with the image intensifier, compared to 
1/8 inch of steel with standard fluoroscopy. This pene- 
tration can be extended beyond 1 inch of steel by using the 
short time ratings of rotating anode tubes. 

Most of the X-ray studies have 


systems for motion 
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Fig. 4. Simplified diagram of image intensifier tube 
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been used to study biological effects of pressure and ac- 
celeration on humans, and the wounding mechanism of 
projectiles on animals. It is anticipated that the image 
intensifier with optical system and camera attachment will 
Westinghouse has de- 
It allows 


be used to expand these studies. 
veloped such a unit for medical applications. 
the radiologist to obtain a record of a fluoroscopic ex- 
amination for further study. Normally the only records 


Now 


possible to take a series of exposures which will show the 


available would be several spot films. it will be 
sequence of barium flow and give the 3-dimensional effect, 
if desirable, by rotation of the patient. 

These same principles can be applied to industrial prob- 
lems. For example, if cylindrical objects are being in- 
spected fluoroscopically, and one of them is found to 
have a fissure or crack, the normal procedure would be to 
With 


the Cine-Fluorex, a series of radiographs could be taken to 


take several radiographs in different orientations. 


give a more complete record, with the 3-dimensional fea- 


ture included. Considerable time would be saved, as 


there would be no setup time required. The operator need 
only depress a lever to start the camera in operation 
(Fig. 3). 

he main components of the Cine-Fluorex are (1) an 
image intensifier tube, for intensifying the brightness of 
the fluoroscopic image; (2) an optical device for viewing 
the intensified image and also transmitting the same image 
simultaneously to the cine camera; (3) the cine camera; 
and (4) the cine control. 

Fig. 4 diagrammatically shows the principal components 


10 Beginning at the left, the 


of the image intensifier tube.* 
X-ray energy which has been exponentially absorbed by 
the object, enters the image-amplifier housing and is con- 
verted into light by a fluoroscopic screen. This screen 
is in close contact with a photosurface of cesium antimony 
which emits electrons proportional to the light it receives. 
The 


lenses on an output phosphor 1/5 the diameter of the input 


electrons are focused by a series of electrostatic 


screen. The electrons are also accelerated by the appli- 
cation of 30 kilovolts across the input screen and output 
phosphor. For normal viewing, the image is magnified 
back to normal size without apparent loss of light to give 
an intensification of 200 or more. 

Fig. 5 shows the principle of the optical system used in the 
It was felt that 
viewing the fluorescent image while simultaneously making 


Cine-Fluorex. a convenient method of 


motion pictures of it would be very desirable. The object 
lens and the camera lens are arranged in essentially a 
front-to-front system with each lens focused near or at 
infinity. With this system, the distance between the objec- 
tive and camera lens is not very critical. The first mirror 
shown is a partial reflecting mirror which passes about 95 
per cent of the light striking it through to the camera and 
reflects 5 per cent toward the second mirror. This light in 
turn passes through a 5-inch diameter field lens which forms 
an image between the third mirror and the output window 
of the optical device. An observer looking into the fourth 
mirror may observe this image. The observed image while 
only approximately 5 per cent as bright as the output image 
of the image tube is still approximately 10 times as bright as 


ELECTRICAL ENGINEERING 





the fluorescent image at the input end of the image intensi- 
fier tube even if a tube with minimum intensification is used. 

In the actual commercial unit, an additional mirror is 
used at the position of the first mirror. This mirror is a 
full silvered, front surfaced mirror which reflects all the light 
impinging upon it, less the losses. It can be moved in front 
of the first mirror or back out of the light path by means of a 
lever on the outside of the optical unit. With this mirror 
in the light path, all of the light impinging upon it is re- 
flected toward the observer and none gets through to the 
camera. Thus, normal fluoroscopy may be performed at 
the low radiation levels made possible by the image in- 
tensifier. When something of interest is observed of which 
a film record is desired, it is only necessary to move a 
lever and the optics are converted in less than one second 
for taking a film record. The next time the X-ray “‘on”’ 
switch is actuated, the camera operates and records the 
image of the output phosphor of the image tube. 

The camera consists of a 16-mm film magazine, a syn- 
chronous motor drive, gears for changing the frame speed, 
and commutators for synchronizing and pulsing the X-ray 
machine. X rays are on only when the film in the mag- 
azine is stationary. X rays are off when the film is being 
transported so as to bring the next frame in front of the 
camera aperture. The camera is designed for two film 
speeds, 15 and 30 frames per second. By synchronizing 
the X-ray pulses with the film transport, more efficient 
use may be made of the load capacity of the X-ray tube as 
well as more efficient use of available X rays regarding 
patient dosage in medical techniques. 

The cine control contains auxiliary electrical circuits such 
as the synchronizing and brightness stabilizer circuits, 
power supplies, and relay circuits necessary to free the 
operator of the unit of many detailed operations and com- 
putations. This control is designed to be connected be- 
tween the main X-ray control and the Cine-Fluorex unit. 
The only adjustments necessary for the operator to manipu- 
The ‘“‘on- 


off’ switch is used to de-energize the cine circuits in case the 


late are an ‘“‘on-off’’ switch and a film selector. 


X-ray equipment is to be used only for radiography or 


fluoroscopy for a lengthy period of time. The film selector 
selects the proper brightness level which the brightness 
stabilizer is to hold at the output end of the image intensifier 
for the type of film being used in the camera at the time. 
It became evident early in the development that some 
automatic means of brightness control would be necessary 
to get consistent film density when scanning parts of vary- 
ing thickness and density with the cine unit. 

Fig. 6 shows the variation in film density for varying thick- 


nesses of aluminum for a fixed setting of kilovolts and milli- 


amperes (““KV” and ‘‘MA’’), as well as with the use of 


of KV and MA. 


The density from 1/4 to 1*/4 inch varies from 1.75 to 2.1 


brightness stabilization by a variation 
with stabilization, and from 0.4 to 2.67 without stabilization. 
The significance of stabilization is that the operator can be 
sure of having the proper film density, and hence optimum 
sensitivity, without changing any control settings. This is 
particularly helpful when a sample has a wide variation in 
thickness from one area of inspection to the next. 

The brightness stabilizer consists of a photomultiplier 
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Fig. 5. 
tensifier tube for standard fluoroscopy and cine work 


Simplified diagram of lens system used with image in- 
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Fig. 6. Graph of the effect of the brightness stabilizer on the 
light output of the image intensifier with variation in thickness 
of aluminum 
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tube at the output end of the image intensifier and asso- 
ciated circuits in the cine control, which control KVand MA 
automatically to keep the average brightness at the end of 
the image intensifier tube relatively constant. The maxi- 
mum KV to be used can be set by the operator at the main 
X-ray control and the maximum MA can be set on the 
stabilizer at The brightness stabilizer then 
works down from the maximums set. ‘The MA is varied by 
the stabilizer by varying the impedance of a saturable re- 
The 
KV is varied by shifting the phase relationship of the start of 


installation. 


actor in series with the X-ray tube filament circuit. 


conduction to applied voltage of the two thyratrons which 
serve as contactors in the primary circuit of the high voltage 
transformer. 


CONCLUSIONS 


THE CAMERA ATTACHMENT to the Fluorex provides an 
additional valuable tool for the radiologist and industrial 
radiographer. Its chief value lies in its ability to obtain a 
sequence of radiographs of any view seen on the standard 
Fluorex, to keep as a record or for subsequent analysis. 
More information can be gathered on the film than can be 
seen with the eye. This is particularly true for short time 
exposures of a few seconds at high tube currents and lower 
voltages. The inherent amplification of the film also 
fosters improved sensitivity. 

The greater penetration possible with the Cine-Fluorex 


than with standard cinefluorography allows the inspection 
of many hermetically sealed units and the study of the 
pouring of heavier castings than has been previously possible. 
The sequence of exposures when projected will give the 
3-dimensional effect available from object rotation. 

Cine-Fluorex also has great value for teaching, since an 
unlimited number of viewers can discuss the sequence at 
leisure without being concerned about patient dosage or 
overloading the X-ray tube. 
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Billionth-of-a-Second “Stop Watch”? Developed 


Euler, Virbal—Ctneroentgenography 


**Split-second” timing has been given a new degree of 
meaning by scientists, who have developed the world’s 
fastest ‘‘stop watch’’—an electronic tube which can time 
atomic ‘‘events”’ down to less than 1 billionth of a second. 
Announcement was made by Dr. Clarence Zener, acting 
director of research, Westinghouse Electric Corporation, 
Pittsburgh, Pa., who described it as an improved type of 
photomultiplier tube. 
sort of 
“chain reaction” of electrons, employs a new principle of 


The tube, which strengthens radiations by a 
operation. An electron, released by a pulse of radiation 
entering the tube, strikes the front surface of an exceedingly 
thin film, similar chemically to common table salt, and 
‘“*knocks”’ several additional ‘‘bonus”’ electrons from its back 
surface. An electric field speeds up these new electrons 
and ‘‘aims” them at a second film, where each one re- 
leases more electrons from that film. This increase of elec- 
trons continues through several steps, or “‘stages.”” The 
result is that several million electrons are obtained for each 
one released in the beginning; in this way the tube gets 
its multiplying effect. 

Conventional photomultiplier tubes use thick metal 
plates, so the electrons must be ‘“‘guided”’ through a number 
of complicated paths. In the new tube, the avalanche of 
“bonus” electrons moves straight ahead, thus speeding their 
travel time and preventing “straggling”? of electrons from 


stage to stage, to give the tube its precision and super speed. 
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Decicycle Magnetic-Amplifier Systems for Servos 


L. J. JOHNSON 


RAUCH 


ASSOCIATE MEMBER AIEE 


AGNETIC-AMPLIFIER CIRCUITS, which once 
were limited to several-cycle delays, have been im- 
proved by the availability of high-performance rectangular 
core materials, as well as by the introduction of circuits 
which yield a complete response within a half cycle. The 
adoption of pulse techniques, which employ only magnetic 
and semiconductor materials, has made it possible to design 
decicycle magnetic-amplifier systems which have response 
times in the order of one-tenth to one-hundredth of a cycle 
of the power-supply frequency. It is possible, as a result, 
to make response-time delays negligible in many rapid 
closed-loop systems; also, inherent delays which have 
introduced undesired phase-lag characteristics in a system 
can be eliminated effectively. 
A decicyle magnetic-amplifier system employs a fre- 
quency multiplier to increase the basic supply frequency to 
a and 


higher multiple a high-performance magnetic 


amplifier, operating from the carrier frequency delivered 
by the multiplier. The foremost problem which arises 
in the design of a decicycle system is the method of obtaining 
a reliable efficient frequency multiplier, which will produce 
sufficient power for the subsequent magnetic amplifiers. 
Magnetic frequency multiplication can be accomplished 
for multiplication ratios in the range of 2 to 10 with very 
good results. For single-phase operations, basic magnetic 
frequency multiplication can be applied to doublers, 
triplers, and quintruplers; combinations can provide 
additional multiplication values, except 7, in the range of 
2 to 10. 

Multiphase multipliers, which depend upon the addi- 
tion through time phasing of individual phase pulses 
across a common output, produce only odd integer multi- 
plication ratios. For multiplication ratios greater than 
3, it becomes necessary to introduce phase-changing trans- 
formers in order to obtain the required spaced phase volt- 
ages. For single-phase power supplies, serious considera- 
tion should be given to magnetic pulse transformers. Pulse- 
transformer systems have been used successfully by Morgan 
and McFerran! for extremely low-level signals. 
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Fig. 1. 
a reversible polarity d-c output 


Sample decicycle magnetic-amplifier system which delivers 
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Table 1. Comparative Data and Characteristics of Amplifier 


Circuits 





High-Performance 
Half-Cycle Response 
Magnetic Amplifier 


Decicycle Magnetic- 
Amplifier System 


Supply frequency 

Supply voltage . 

Maximum power outpu 

Duty cycle. . 

Control power required for full output 

Minimum response time for full change 
in output 1 

Minimum signal sensitivity . 2 

Linearity 5 

Maximum power gain.. 8 

Control frequency for 45° phase shift 
between control signal and output. . 

Total volume 

Total weight 


400 cps 400 cps 
115-volts single-phase...115-volts single-phase 
1 watt.... 1 watt 

Continuous Continuous 

120 microwatts 60 microwatts 

2 milliseconds. . 0 
microwatts 
per cent 


000 


2 milliseconds 


1 microwatt 
5 per cent 
16,000 

-50 cps... . 300 cps 
7.0 cubic inches 
11 ounces 


7.5 cubic inches 
12 ounces 








The transistor pulse generator is unique in that it pro- 
At the 
present time, the maximum continuous output power using 
100 
The temperature limitation of the transistor is a 


duces an a-c square-wave voltage from a d-c source. 


the largest available transistors is approximately 
watts. 
major disadvantage; however, this problem is partially 
offset by the inherent high efficiencies of the transistor pulse 
generator. 

A choice of the frequency multiplier can be made from 
the types discussed; the particular selection being governed 
by the available power source and the desired output 
characteristics. In accordance with the selection of the 
frequency multiplier, the magnetic-amplifier design is based 
upon the output frequency of the multiplier and the 
degree of performance of the end use. 

Fig. 1 represents a decicycle magnetic-amplifier system 
which can produce reversible-polarity d-c output. Such an 
amplifier has application in controlling hydraulic-servo 
valves, d-c servo motors, and other similar devices. The 
transfer characteristic of a sample decicycle system is 
Table I presents data on the 
(cps) 


system in comparison with the equivalent decicycle system. 


linear within 5 per cent. 


general characteristics of a 400-cycle-per-second 


This table shows that the sensitivity of the decicycle system 


45 


is improved by a factor of 2, and the response time is 


decreased sixfold. The improvement in performance of 
a decicycle system is understandable since the higher 
frequency supplies permit the use of miniature saturable 
cores which, in turn, require much lower values of energy 


for complete reset. 
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Evaluation of 
Unit Capacity Additions 


M. J. STEINBERG V. 


FELLOW AIEE 


This article describes a method for evaluating 

steam-electric additions to an expanding power 

system, and gives the results of a study made 

by the Consolidated Edison Company of New 

York to justify additional investment for larger 
sized units. 


F TIMELY INTEREST is the subject of the evalua- 


tion of steam-electric capacity additions to an 


expanding system because of the availability of 
units with capacities roughly twice that of the largest unit 
in service on some systems, and the promise that even 
larger units will becorne available in the future as they be- 
economically justified. Thus, the Consolidated 
Edison Company of New York, Inc., New York, N. Y. 
to determine the relative economic 


nerits of adding a unit with the nominal ratings of 180, 250, 


come 


recently made a stud\ 


or 300 megawatts (mw) to the system. 


hat there is an economic relation between unit size and 
size of svstem. has been indicated recently by L. K. Kirch- 


Che 


hat units with capacities representing 


mayer, et al.! conclusion thus reached therein is 
to 10 per cent of 
system peak load can be justified by operating economies 


kw ) of 


It concludes that “If above any size the invest- 


and lower incremental investment per kilowatt 


capacity 


MILLIONS OF KILOWATTS 


Fig. 1. Estimated system annual peak loads 
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M. COOK 


MEMBER AITEE 


ment cost in dollars per kilowatt remains constant, there will 


be very little incentive to use units above this size.” Earlier 


H. P. Seelye and W. W. Brown? indicated similar reasons 


for their support of the decision to add two 260-mv 


units instead of two 200-mw units to the system of The 
Detroit Edison Company. More recently orders for 300- 
mw-unit additions to the same system have been announced. 
Both that the of the 


larger units is lower investment per kilowatt of capacity. 


articles indicate attractive feature 
Essentially, the problem is the justification of the addi- 
tional investment for larger sized units. This is generally 


determined by means of an “‘economy study,” which re- 
quires long-range predictions into the future with all of the 


The 


economy study is, therefore, considered to be of a theoretical 


uncertainties that are inherent in such predictions. 


nature, to be weighed with other factors, both tangible and 
intangible, and requiring the exercise of a considerable de- 
gree of judgment. Notwithstanding the theoretical nature 
of the economy study, it is an important adjunct in arriving 
at the ultimate decision. Within the limits of the assumed 
conditions, it does indicate the relative merits of all alter- 


native proposals under consideration. 


METHOD OF ANALYSIS 


‘THE BALANCING OF ANNUAL SAVINGS against annual fixed 


charges on added investment is fundamental under 


any method of economic evaluation 
of alternatives. 

Chis principle was utilized in the 
subject study to establish the invest- 
ment that could be justified by the 
differential annual costs above that 


for the alternative requiring the 


minimum investment. Since the an- 
nual costs are not uniform in each 
year of the study period, they were 
converted into equivalent present- 
worth values and used in this form 
as a matter of convenience. 


To minimize computations, alge- 


MILLIONS OF KILOWATTS 


braic expressions were derived for 


Revised text of paper 56-19, “Evaluation of Unit Ca- 
pacity Additions,’’ recommended by the AIEE Com- 
mittee on System Engineering and approved by the 
AIEE Committee on Technical Operations for pres- 
entation at the AIEE Winter General Meeting, New 
York, N. Y., January 30-February 3, 1956. Sched- 
uled for publication in AIEE Power Apparatus and 
Systems, 1956. 


M. J. Steinberg and V. M. Cook are with Consoli- 
dated Edison Company of New York, Inc., New York, 
N. Y. 
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Fig. 2. 


the present worth of the annual fixed charges as a func- 
tion of investment per unit, and annual operating costs as 
a function of over-all or station net heat rate. 

By so doing, it was possible to evaluate not only the effect 
of variation in unit size, but also the effect of variation in 
thermal performance as influenced by steam pressure and 
temperature, turbine and cycle design, etc. For the sub- 
ject study, three present-worth equations, one for each 
unit size, were utilized to evaluate 20 proposed installa- 
tions. The derivation and application of the present-worth 


equations are described in the sections that follow. 


PRESENT WORTH OF ANNUAL FIXED CHARGES 


ANNUAL FIXED CHARGES of 13.5 per cent are based on 
a life of 50 years, which is the study period used herein. 
Annual fixed charges continue from the year of installa- 
tion to the end of the 50-year study period, and are assumed 
as lump sums at the end of each year. Investment per 
unit addition is assumed at the beginning of the initial year 
of operation. 

Under the foregoing assumptions, the annual fixed 
charges will increase with each unit addition to the system, 
so that they become a function of the timing of unit addi- 
tions. For a given predicted rate of peak-load growth, 


which is shown by Fig. 1 for the subject study, capacity 


additions are timed to maintain an objective level of 


reserve capacity. This has been determined by the 


mathematical probability of loss of load caused by multiple 


forced outages to average a duration of 1 day in 7 
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Effect of unit size on objective reserve-capacity requirements 


years. For the three unit sizes under study, the objective 


reserve capacity requirements are shown in Fig. 2. It 
is obvious by reference to this figure, that this method im- 
poses a penalty on increases in the size of unit additions. 

rhe effect of unit size on the timing of capacity additions 
is illustrated in Fig. 3, which indicates that the number of 
unit additions required during the 50-year study period 
because 
total 
Aside 


from any other consideration, it is obvious that the invest- 


decreases with increase in unit size. However, 


of the higher reserve-capacity requirements, the 


capacity additions will increase with unit size. 


ment per kilowatt of capacity that can be justified de- 
Differentials in in- 


il fixed 


done most 


creases with increase in unit size. 


vestment must be justified by differentials in annu 
charges, and the balancing of the two can be 
readily by conversion of annual fixed charges to equivalent 
present-worth \ ilues by the application of ppropriate 
compound interest formulas to give present-worth factors 
is shown in Fig. 4. 


investments 


The derived present-worth values and the 
that can be justified for the larger units relative to the 


investment for 180-mw units are indicated as: 





Unit Size, Present Worth of 
Mw Annua | Fixed Charges* 


Investment Justified 
per Unit 


186 27 .674879 I’ 1 
250 .«..21.132307 I”’ '.3 
300 a 18 .259548 1’” 1 


*1’, I’’, and I’’’= Total investment justified for each unit added to system 
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Comparisons are referred to the investment for one 180- 
mw unit at $200 per kilowatt or $36 million per unit in- 
stallation. Thus, the investment justified by differential 
annual fixed charges for each 250-mw unit is 1.3096 X 
$36,000,000 = $47,146,000, equivalent to an investment 
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Fig. 3. Effect of unit size on timing of 
capacity additions 


of $189 per kilowatt; for each 300- 
mw unit, it is 1.5156 &K $36,000,000 
= $54,562,000, 
per kilowatt. 


equivalent to $182 
The investments per 
unit justified by the differential an- 
nual fixed charges are independent 
of any additional investments that 
may be justified by differential op- 
erating costs, which are discussed in 
the succeeding section. 

It is recognized that objective re- 


TOTAL NUMBER OF UNITS INSTALLED 


serve Capacity requirements, as de- 
termined herein by the mathematical 
probabilities of multiple forced out- 


ages, are not acceptable to some 
electric systems. As a matter of in- 
terest, similar calculations were made 
on the basis of capacity additions to 
provide reserve capacity above an- 


44 48 «(52 nual peak load as follows: 


1. To maintain reserve capacity 
at the uniform level of 15 per cent of the annual peak 
loads. actual 
and planned additions in the period from 1953 to 1958, in- 
clusive; as reported by the Edison Electric Institute power 
survey’ for Region I, Northeast. 

2. To maintain reserve capacity equal to the capacity 
of the three largest units on the system. 
to what extent this basis is currently being used. 


This value was selected to conform with 


It is not known 


A comparison of the objective reserve requirements under 
In 
the earlier years of load growth, a 3-unit reserve is consider- 
ably in excess of that required by the probability method, 
and considerably lower in the later years. It is questionable 
whether a 3-unit reserve would be adequate to provide the 
necessary margin for contingencies and normal scheduled 
outages for overhaul, particularly in the later years of load 
growth. 


the three methods of determination is shown in Fig. 5. 


A 15-per-cent margin of reserve would require less 
reserve Capacity than that determined by the probability 
method in the early years of load growth, and more reserve 
capacity in the later period. 

A comparison of the investments could justify the 250- and 
300-mw units under the different methods for determining 
reserve Capacity requirements. 
per cent of the peak loads will be more favorable to the in- 


An objective reserve at 15 


stallation of the larger sized units; a 3-unit reserve objective 
will be less favorable. 

In the subject study, differentials in investment for trans- 
mission facilities have not been included because extensive 
studies indicated that unit additions in the near future at 
contemplated sites, up to capacities of 300 mw each, would 
not materially affect the system tie capacity requirements. 
It is obvious, of course, that where this item is pertinent, it 
should be included as a factor in the economic evaluation. 
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PRESENT WORTH OF OPERATING COSTS 
INVESTMENTS justified by differential operating costs have 
been limited to evaluation of differentials in costs of fuel, 
maintenance, operating labor, and spinning capacity. 
Fuel and maintenance are related to annual generation; 
labor to the number of unit installations; and spinning 
capacity to unit size. For the purpose of this study, gen- 


erating facilities have been classified into three groups: 


1. New high-pressure capacity additions as required 
during the 50-year study period timed (Fig. 3), intended 
for base-load operation. 

2. Existing high-pressure 
capacity, operating at steam 
pressures of 900 pounds per 
square inch (psi) and higher. 





3. Existing low-pressure 
capacity operating at pressures 
below 900 pounds per square 
inch intended for 





peak-load 
shaving operation and to sup- 





ply system spinning capacity. 





For evaluation of differen- 
tial costs for fuel and main- 
the 
classes of equipment was de- 


tenance, generation by 








pacity, and 5 per cent of low-pressure capacity were 
allowed for outages of equipment in these two cate- 
gories. 

In order to simplify the calculations of annual fuel costs, 
single heat rates therefore were used for both groups 
of high-pressure equipment. Refinements involving the use 
of heat rates at partial loads are not justified by the rela- 
tively short durations at these loads. Heat rates for exist- 
ing high-pressure units vary between a minimum of 9,700 
and a maximum of 12,500 Btu per kwhr. 
average of 11,200 Btu per kwhr was used. 


A weighted 
In the case of 


+ 





termined by use of the con- 
ventional load-duration curve 
and companion load-energy 
curve, for each year of the 50- 


year study period. To mini- 


2 
< 
$s 
8 
5 
a 
= 
z 
z 
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$ 
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° 


mize the computations, both 
the loads and capacities were 
cent of 

Multi- 


plication of the values on the 


expressed in per 
annual system peak. 
el_ 


3000 4000 
abscissa of the load-energy 
curve by the value of the Fig. 5. 


annual peak load _ permits 
kwhr. 
load 


factor with peak-load growth, 


conversion to annual 


By assuming constant 


a single load-duration and 
load-energy curve were util- 


The 


loading sequence and deter- 


ized for this purpose. 


le 


mination of generation by CAPACITY 


classes of equipment are 


shown in Fig. 6. EXISTING 


Generation by the new WP CAPACITY 


high-pressure unit additions 


5000 


LOAD-DURAT ION 





was limited to conform with 


OBJECTIVE RESERVE CAPACITY IN PERCENT OF NET LOAD 


6000 7000 8000 9000 


NET LOAD- MEGAWATTS 


Objective reserve-capacity requirements for additions of 300-mw units 


LOAD - ENERGY 


ESTIMATED GENERATION 


A -HP UNITS ADDED SUBSEQUENT TO /ST UNIT 
8 - 1ST NEW HP UNIT 

C ~ EXISTING HP CAPACITY 

© - EXISTING L P CAPACITY 


~ 





PERCENT OF PEAK LOAD 


an annual availability factor 
of 90 per cent or an annual 
capacity factor of 80 per cent, 
whichever resulted in a lower 
generation, as an allowance 








for normal outages for over- 


90°7%e OF NEW HP CAPACITY ADOED 
SUBSEQUENT TO !ST UNIT 





haul. Ten per cent of the 


existing high-pressure ca- Fig. 6. 
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Use of load-duration and load-energy curves to obtain annual generation 
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Table I. 


Summary of Economic Comparison of Proposed Unit Additions 





Station 


Net Heat Annual 


Based on Annual Operating Costs 


Differential Investment Justified, $1,000 





Investment, $1,000 Savings 





Fixed 
Charges 


Rate, 
Btu/Kwhr 


Proposal Pres- 
Number sure, psi 


Temperature, 


Fuel Labor 


Main- 
tenance Capacity 


—— Total 
Differential 


Investment 


Total 
$1,000 


Dollars 
per Kw 


Actual 
Required 


Total 
Justified 


Spinning 
Total 


180 Mw Units 


1,000/1,000 


» for comparison 
1,000/1 " 


131 
365 


None 
None 
None..... 
None., 
None... 
None 
None 


, 000 
1,05¢ 000 


1,000 000 


1, 
1, 


1,050/1,000 


1,000 , 000 


1,050 


13 
37 
17 
58 
13 
58 


79 


36.000 
36,144 
36,402 
36,191 


36,000 
395 
36,676 
36,734 
36,635 36,894 
36,144 37,039 
36,635 37,232 
36,873 37,417 


144 
402 
191 
635 


144, 


None 
None. 
None 
None... 
None.. 
None. . 
None 


36, 


8 


250 Mw Units 


1.000 
000 
000 
050 
050 


V1, 


220 


> 


281 
281 
310 
704 


52 


— 137 
- 137 
~ 137 

137 
= 987 


—137.. 


48,010 
48,353 
48,674 
48,674 
48,999 


53,327. 


46,553 
46,809 
46,944 
47,515 
4 


53,602. 


7.720 


300 Mw Units 


000 
000 
1,000 
, 000 
050 


1, U5! 


existing low-pressure capacity, use of this capacity for peak 
shaving would require operation at varying loads, and a 
composite heat-rate curve was therefore derived as shown 
in Fig. It is recognized that within the 50-year study 
period, retirement of some of the existing low-pressure 
capacity would probably take place; however, this is not 
considered pertinent to the purposes of this article. 


With the heat rates for existing capacity fixed as described 
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Fig. 7. Heat rate for existing low-pressure capacity 
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»VI~2 
57,462 
57,853 
58,436 
853 
58, 238 


> 53,846 
54,145 
54,417 
54,586 
54,889 


55,161 


3,436 
3,850 
2,964 


3,077 


57 


in the foregoing, it was possible to express the system annual 
fuel costs as present-worth values in terms of heat rate ap- 
plicable to each type of unit addition included in the study. 
It then becomes a simple matter to evaluate differentials in 
thermal efficiency as estimated for the different proposals 
under study at any appropriate fuel price. 

Maintenance differentials are difficult to estimate, and 
are factors of relatively little weight. Accordingly, main- 
tenance costs were assumed to represent 10, 15, and 20 
per cent of the fuel costs for new high-pressure capacity 
additions, and existing high- and low-pressure capacities. 

Labor costs are a function of the number of units in 
operation. Six-unit stations were assumed for new addi- 
tions with stations designed to require the same operating 
personnel for pairs of units. Based on current experience, 
annual labor costs were estimated as: 
$400,000 
50,000 
20.000 


1 and 2 units. 
3 and 4 units 


2 


$ 

and 6 units $7 
The cost of providing spinning capacity was estimated at 
30 cents an hour per megawatt or $2,628 a year per mega- 
watt. The present worth per megawatt for the 50-year 
study period becomes 15.762 X $2,628 or $41,422 
megawatt of capacity, giving present-worth values of 
456,000, $10,356,000, and $12,427,000 for the 180-, 250- 


300-mw units, resp¢ctively. 


per 
$7,- 


and 


CONCLUSIONS 


THE ECONOMIC EVALUATION of the 20 proposals studied, 
based on the methods and assumptions described, are 
shown in Table I. The table is arranged by unit sizes, to 
permit analysis of the effect of differences in thermal 
performance as between units of equal capacity. 

The economic evaluation of each proposal was made with 
reference to the base proposal, by comparison of the differ- 
ence between the investment that can be justified by 
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differentials in annual fixed 
charges and operating costs, 
and the actual investment re- 
quired, converted to a savings 
in investment per kilowatt of 
capacity. This method of 
comparison differs from the 
conventional methods recom- 
mended in available textbooks 
on the subject of engineering 


economy. It is preferred be- 





cause it permits a breakdown 
into components for analysis 


of relative influence of annual 


ANNUAL CAPACITY FACTOR IN PERCENT 


fixed charges and operating 
costs for the exercise of judg- 
ment in the selection of the 
initial unit addition. 

Insofar as the system under 
study is concerned, the results 
shown in Table I indicate the 
choice to be a 300- 


The 


favor of this size unit is wide 


economic Fig. 8. 
mw _ unit. margin in 

enough to assure proper choice in light of estimating errors 
and lack of refinements in the calculations. ‘The economic 
justification for the selection of a 300-mw unit has been in- 
fluenced in part by the absence of material differential in- 
vestments for transmission facilities. Under other circum- 
stances this could be criterion for selection of smaller units. 

[he savings in annual fixed charges, which the 250- and 
300-mw-unit additions effect, represent from 83 to 93 per 
cent of the total differential investments justified. 

In view of the announcement of two installations on order 
for operation at supercritical pressures, the economic evalua- 
Table I 
It is of interest to note that the esti- 
the 


tion of such an installation has been included in as 


proposal number 14. 
mated investment for such an installation exceeds 
amount that could be justified. 

Although it was assumed that identical units would be 


added during the 50-year study period, it is recognized that 


Appendix I. 








ae tes 
[= a 
DR, 

~~ 
300 MW UNIT - 


ANNUAL CAPACITY FACTOR IN PERCENT 


20 30 
AGE OF UNITS IN YEARS 


Effect of size on utilization of initial unit for generation 


is units 


the initial unit would lose its loading preference 


would be added to the system. The effect of size on the 


is reflec ted DV 


During 


utilization of the initial unit for generation, 


its annual capacity factor, is illustrated in Fig. 8 


| 
e€ possible to operate 
I 


the first 6 to 9 years of service, it would | I 


the units at maximum output. Thereafter, there would be 


a reduction in output. There is no indication of any 


material effect on the annual capacity factors as between 
Che i 


factor with increase 


unit sizes. trend is a slight reduction in 


in unit size. 
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Sample Calculation of Justified Investment 





Proposal 
Unit ca 
Estimated 
Heat rate 
Present-we ypusands of « 
Fuel 

Labor 

Maintenance 


Spinning capacity 
pinning capaci 


Differential investments justified by annual savings 
Fixed charges. 
di’ =54,563- 
9,548 (a7’’") = [8 
ad’ = 


Fuel.... 


I abor 
ee Oe 
Maintenance 
dl’*’ = 
Spinning capacity 
dI'"’ = 


28 


,548 (dI’’") = [131, 


36,000. 


231-+98 .0839 


,548 (dI’’’) =30,598—22, 304 


816+9.8084 


), 548 (dI’’’) =7,456—12, 427 
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A Transducer-Type Frequency Meter 


U. L. SMITH 


FREQUENCY TRANSDUCER recently developed 

uses a Circuit that converts frequency into d-c milli- 

volts. Any standard d-c millivoltmeter, either indicating 

or recording with dial or paper marked in cycles, may be 

used to measure its output, thus simplifying and broadening 
the scope of frequency meters. 

Several advantages are provided by this new frequency- 


transducer development: 


1. It permits the use of a standard d-c indicating or 
recording millivoltmeter by merely changing the calibrating 
resistance of the instrument. 

2. Any size or shape of instrument may be used. 

3. Ranges as narrow as 59 to 61 cycles can be built, but 
broad ranges such as 50 to 70 cycles are just as practical. 

4. The transducer can be furnished for any basic fre- 
quency, such as 50, 60, or 400 cycles. 

5. Only one size and type of transducer is needed. 

6. The scale is nearly uniform over the entire range. 

7. It eliminates the necessity of tooling, building, and 
stocking of mechanisms that are used only for frequency 


meters. 


The circuit shown in Fig. 1 uses two off-resonance parallel 
circuits. Each of these contains resistance, inductance, and 
capacitance in series. The capacitances are 0.10 and 0.15 
microfarad, and the inductances are 30 to 80 henrys adjust- 
able. 


ductance in circuit 


For a frequency range of 55-60-65 cycles, the in- 
7 is adjusted to give resonance at 
The 
is adjusted to give resonance at approximately 72 cycles. 
The i; 


and J; currents in these two circuits pass through the r 


approximately 48 cycles. inductance in circuit 2 


The current-frequency relation is shown in Fig. 2. 
resistors, the ring-type rectifier, and the R,; and R; resistors. 


The d-c millivoltmeter is connected across points X; and X2. 
The 2; and R, resistors are the calibrated resistors, and the 














Fig. 1. Frequency- 





transducer circuit 
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Fig. 2. Variation in branch currents with frequency change 


voltage drop across them determines the output of the trans- 
ducer. 

At 60 cycles, the currents J; and J: are equal, so there is 
no d-c voltage across points X; and X2. For a frequency of 
65 cycles, the J; current decreases to J;’ and the J; current 
increases to Je’. Because of the rectifiers, there will be a d-c 
potential across X;X2, and X2 will be positive with respect to 
X;. At 55 cycles, the reverse condition exists, and X, will 
be positive with respect to Xz A center-zero millivolt- 
meter connected with its plus terminal to the X2 point and 
its negative terminal to the X; point will read zero at the 
60-cycle balance point and will read up-scale for 65 cycles 
and down-scale for 55 cycles. Its deflection is proportional 
to the difference between J; and J; and is nearly proportional 
to frequency. 

Different frequency ranges are obtained by using milli- 
voltmeters with different ranges. For a 50-60-70 range, 
a center-zero d-c instrument with a sensitivity of about 
6,000 ohms and 0.5 milliamperes is used. For other ranges, 
different 


obtained by adjusting 


of resistance used. Calibration is 
the 


match the output of the transducer. 


values are 


millivoltmeter resistance to 

A saturation-type voltage regulator is used to hold a 
constant voltage across the circuit for variation of line 
voltages of 100 to 130 volts. 

This frequency transducer provides a new means of 
measuring frequency with performance well within the 
requirements of American Standards Association’s stand- 
ards. It has the advantage that a basic unit can be cali- 


brated with standard d-c instruments. Even for small 


panel boards the frequency meter can be made to match, in 
size and shape, the rest of the instruments. It can be built 
with narrow frequency ranges for close frequency control 
or with wider frequency ranges for general use. 
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I, 1955, pp. 497-500 
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Report on the Operation of Switched Capacitors 


AIEE COMMITTEE REPORT 


REVIOUS AIEE REPORTS covered the performance, 
operation, and maintenance of shunt capacitors.!? 
These reports contained little information about capacitor 
switching. In recent years, the use of switched capacitors 
has increased. This report has been formulated to provide 
a resume of existing literature and known experience con- 
cerning the factors to be considered in such applications. 
The fundamental reason for switching capacitors is to 
improve system performance. This involves some of the 


following specific reasons: 


1. Several types of load can place large fluctuating re- 
active demands on the system. Switched capacitors at the 
load and on the lines can supply the reactive kilovar. 

2. Switching permits the use of capacitors as large as 
needed during peak load periods without the objection of 
excessive boost in light load voltages. 

3. It may be necessary to switch capacitors to avoid 
abnormally low excitation on the system generators. 

4. It may be necessary to switch capacitors to minimize 
PR and [°X transmission line losses. 

5. The installation of switched capacitors may provide 
an emergency voltage boost until permanent corrective 
measures can be taken. 

6. Maximum utilization of the capacity of power equip- 
ment may require use of capacitors during heavy load to 


reduce current loadings by improving the power factor. 


Capacitor switching equipment usually consists of 
breakers or switches such as are used for fault and/or load 
interruption on transmission and distribution circuits. 
Some of the commonly used types are indoor air and oil 
circuit breakers, outdoor circuit breakers, oil switches, and 
loadbreak switches. 

The switching of capacitor circuits presents problems not 
When 
a capacitor bank is energized, a comparatively large inrush 


At the moment of circuit 


encountered in the usual load-switching application. 


current can flow into the bank. 
closing, the completely uncharged capacitor represents a 
short circuit to the system and the inrush current to the 
capacitor bank is limited only by the impedance of the 
circuit supplying the bank. 

When two or more steps of the bank are switched inde- 
pendently, that is, when an adjacent bank is already ener- 
gized, a very high inrush current can occur. Nearly all of 
the inrush current is supplied by the charged capacitor 
bank. The the 
switch is closed at voltage peak. 

The opening of a capacitor circuit presents additional 
In some types of switching equipments, travel 


maximum inrush current occurs when 


problems. 
of the movable contact may not be fast enough to insure 
sufficient dielectric strength across the open contacts after 
one-half cycle. The circuit will then restrike, causing high 
oscillatory currents to flow between the banks and ex- 
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tremely high voltages to occur across the breaker contacts 
and to be trapped on the capacitors. 

In practice, the interruption of capacitor circuits can be 
handled by most modern standard circuit breakers without 
the occurrence of abnormally high voltages. However, it 
is recommended that the capacitor manufacturer or the 
switchgear representative be consulted regarding breaker 
applications in connection with capacitors. 

Many types of intelligence are used to control capacitor 
banks. The selection of a method should be based upon the 
benefits desired from the capacitors. Voltage is a com- 
monly used signal for controlling capacitor switching. A 
contact-making voltmeter having suitable characteristics 
is used to initiate the switching-operation. In addition, 
time delay may be incorporated in the control circuit to 
prevent excessive operation of the switching equipment. 

Time is often used as intelligence for switching capacitors 
to the extent that a regular time cycle can fit in the curve 
of total reactive load. 

Current control is often employed for use on regulated 
circuits where voltage is not a satisfactory signal for capaci- 
tor switching and where load variations do not cause in- 
consistent change in load power factor. 

A kilovar control is best suited when it is desired to keep 
the kilovar supply on a given line within certain limits in 
order to reduce system losses and voltage drop and to release 
generating and transmission capacity. 

Power-factor control is not a very satisfactory means for 
controlling switched capacitors because this method would 
cause pumping at light load and low power factor unless 
desensitizing auxiliaries are used. The same result can us- 
ually be obtained better with kilovar or current control. 

If it is important to keep the voltage constant (within the 
limits of the bandwidth) at a point remote from the 
capacitor installation, line-drop compensation can be ap- 
plied to the control equipment for switching the capacitors. 

Current, time, or kilovar controls provide the proper 
types of intelligence for switching capacitors on voltage- 
regulated feeders. Voltage-controlled capacitors may be 
applied at the end of a regulated feeder circuit provided 
line-drop compensation is not used, or only the resistance 


settings of the compensator are used. 
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Stability Characteristics of 


Molybdenum Permalloy Powder Cores 


D. 


Recent circuit emphasis on maximum stability 

and precision and minimum size has extended 

the use of molybdenum permalloy powder cores, 

originally designed for telephone circuits, to a 

wide variety of applications. Intrinsic properties 

and basic behavior, as well as design consider- 
ations, of the cores are discussed. 


ORES of compressed molybdenum permalloy powder! 
have been in use for nearly 20 years in loading coils, 
transformers at voice and Carrier 


filter coils, and 


frequencies in the telephone plant. They were developed 
Bell 
Electric Company specifically for these applications, and 


reliable 


During the past several years, the use of such cores has been 


by the Telephone Laboratories and the Western 


have given highly and satisfactory operations. 


extended to many industrial and military circuits, witl 


»mphasis on miniature size and high precision and stability. 


{ 


rhe stability of permeability and core losses with time, 


| 


temperature, and flux levels are of particular importance to 


apparatus and circuit engineers. It is the purpose of this 


discuss the inherent‘ stability 


article to 
molybdenum permalloy powder cores and the apparatus 


design factors which affect the stability, on the basis of 


experience from telephone applications. 
Mo) 


| is made by grinding hot rolled 


Molybdenum permalloy powder [2 Molybdenum 
82 Nickel (Ni)—16 Iron (Fe 


ind embrittled cast ingots. The material is screened to a 


fineness of 120 mesh for use in voice-frequency applications, 


S 


OE 


eo | 
oe 6 °O 


.** © So 


Fig. 1. 
phone use. 


Molybdenum permalloy powder cores for tele- 
The largest rings shown are 4 inches in 
diameter. 


Owens—Molybdenum Permalloy Powder Cores 


characteristics of 


OWENS 


After the 


yowder is softened by annealing, it is ther 10oroughly 
1 ft 1 by l t then tl ughly 


and 400 mesh for use at higher frequencies. 


mixed with a water slurry of finely divided clay and other 
The 


which leaves a thin coating on the magnetic particles. 


refractory materials. mixture is dried by heating, 


This insulated powder is pressed into cores, usually ring 
shaped, in steel dies at pressures of 100 tons or more per 
square inch. The cores are heat treated at a temperature 
of 1,200 F 


particles caused by 


in hydrogen to relieve strains in the magnetic 


the pressing operation. Core per- 


meabilities of 125, 60, 26, and 14 have been standardized 
['ypical examples of cores are shown in Fig. 1. 

The Western Electric Company started manufacture of 
125-permeability cores for loading coils in 1937, and has 
produced more than 20-million cores for this purpose alone. 
is electrical insulation be- 
The 


and 14) using 400-mesh 


A baked enamel finish to serve 
tween the core and the winding was developed. 
lower permeability cores (60, 26, 
powder were developed for carrier-frequency filters and 
networks in which precise stable inductances were re- 
A means of neutralizing the normally positive 
the 


quired. 


permeability-temperature coefficient of cores over 
certain temperature ranges by blending in a low Curie- 
point powder was worked out. In order to minimize the 
effects of impregnating wax and potting compounds on the 
permeability-temperature coefficient, a wax-tight varnish 
finish was applied. 

rhe intrinsic properties and basic behavior of molyb- 
denum permalloy powder cores will be considered in the 


following sections. 


Fig. 2. Photomicrograph of a section of a 125-perme- 


ability core 
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AIR-GAP STRUCTURE IN POWDER CORES 


THE PHYSICAL STRUCTURE Of the core consists of particles 
of magnetic material separated by thin films of ceramic- 
type insulation. 

Fig. 2 is a photomicrograph of a section of a 125-per- 
meability core. Because of the high forming pressures, the 
surfaces of the permalloy particles are forced into a high 
dark 


where permalloy particles were dislodged in the polishing 


degree of conformity. The larger areas are holes, 


of the specimen. The insulation films between particles 


serve as air gaps in the magnetic circuit. For analytical 


purposes, the distributed air gaps may be assumed to be 


concentrated in one discrete air gap, as shown in Fig. 3. 
This assumption neglects fringing and nonuniform flux 
distribution in the permalloy particles which may arise 
from irregular shapes of the particles. 

From the well-known magnetic circuit relationships, the 
bility be expressed in terms of 


effective core perme ude Can 


the permeability 1 of the magnetic particles, and of the 
ratio r of the length of the flux path /, through the air gaps 
to the length of the total magnetic circuit /., thus 
7 

ean” PS ee ”) 

If u, is plotted against u for various values of r, the curves 
shown in Fig. 4 are obtained. It will be observed that the 
core permeability 4, approaches a limiting value, equal 
to 1/r, for sufficiently high values of particle permeability ux. 
As this condition is approached, the core permeability is 
determined almost entirely by the amount of air gap, and 
is little affected by changes in particle permeability. 

‘he relationships observed from Fig. 4 can be verified 


by computing the differentials of equation 1, thus 


due dr —r(y- 


due _ du (3) 


Me B ru—l 


Equation 2 relates the percentage change in core per- 
meability with the percentage change in air gap, while 
equation 3 shows the relative percentage changes of core 
The 


permeability of the magnetic particles is 1,000 or greater. 


permeability and particle permeability. intrinsic 
In a 14-permeability core the coefficient of dr/r in equation 2 
is 0.99, while the coefficient of du/p in equation 3 is 0.013. 
For the 125-permeability core the coefficients are 0.88 and 
0.12, respectively. 

Since the core permeability is so strongly dependent upon 
the air-gap length, all ambient conditions which may cause 
swelling or shrinking of the insulating materials must be 
examined critically. These conditions include humidity, 
temperature, external pressure, and wax absorption. 

In the case of the 125-permeability core, the insulation 


mmended by the AIEE Magnetics 
ommittee on Basic Sciences and presented before the Conference 
h, Pa., June 14-16, 1955 


Text of a paper in special publication T-78 re« 
Subcommittee of the ¢ 


on Magnetism and Magnetic Materials, Pittsburg 
C. D. Owens is with Bell Telephone Laboratories, Murray Hill, N. J 


Chis paper covers work shared by numerous individuals in the Bell Telephone Labora- 
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suggestions in 


The study on moisture absorption by the 
dry insulation was made by W 
Thomas. The author is indebted to A 
Hale, and J. F. Dillinger for 
paper, and to F. J. Dempsey and Mrs. C. E 


The photomicrograph was made by E. E, 
Legg, H. L. B. Gould, S. G 
the preparation of the 
Hedden for assistance in measurements. 


guidance and 
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~~ fake— AIR GAP 


a ne 
_7— MAGNETIC METAL 


PERMEABILITY 4, 
CROSS SECTION A 


Fig. 3. 


sentation of air 


Repre- 


gap in a to- 


roidal core 


Total flux Effective core perme- 


ability u,: 
ueA 


length of air gap 


length of magnetic material 


films comprise about 0.8 per cent of the length of the flux 


path. Since the average particle diameter is approxi- 


mately 40 microns, the mean thickness of the insulation 


between particles is computed to be only about 0.32 


microns. Much development effort went into working out 
a practical procedure for efficiently coating fine particles to 


Che 


films must be capable of withstanding the high pressure in- 


yield permeabilities greater than 100 insulation 


volved in forming the cores and also a heat treatment of 


sufficiently high temperature to develop good magnetic 


properties in the permalloy particles. 


EFFECTS OF MOISTURE ON PERMEABILITY 


DATA ARE SHOWN in Fig. 5 to illustrate that dry ins 


sulation absorbs moisture and that dry cores exposed ta 
humidity undergo decreases in permeability. Evidently, 
as the insulation films absorb moisture, they expand and 
increase the air gap. On the other hand, laboratory tests 


carried out over a period of nearly 20 years indicate that 
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cores which are maintained in a completely dry condition 
stay constant in permeability to within about + 0.1 per cent. 

The insulation alone, after being dried by the standard 
1,200 F 
about 10-per-cent moisture by weight at 90-per-cent rela- 


core heat treatment of in hydrogen, absorbed 


tive humidity in 1,000 hours. A typical dry 125-per- 
meability core exposed to 100-per-cent relative humidity 
for the same length of time showed a decrease in per- 
meability of about 4 per cent. A 125-permeability core 
kept dry over a similar period showed no significant change 
in permeability. It will be observed from the lower curves 
that 14-permeability and 125-permeability cores exposed 
to a relative humidity of approximately 40 per cent pre- 
vailing in an air-conditioned laboratory room aged about 
0.4 per cent and 0.8 per cent, respectively, in 2 years. 
These samples received core finishes, were wound into 
coils, and were vacuum dried and impregnated in wax prior 
to the test. The lower rate of aging in these cores was 
primarily caused by the reduced humidity and, possibly, 
to some extent, by the retarding effect of the core finish 
and wax on the entrance of moisture. It has been found 
that enamel and varnish finishes, wax impregnation, and 
encasement in asphaltic and plastic compounds slow down, 
but do not prevent, the entrance of moisture. 

The decrease in permeability in dry cores exposed to 
moisture approximately follows the empirical equation 


A log t+B (4) 


Au, = 
where Ay, is the accumulated change in core permeability 
This 


means that the rate of change in permeability is largest in 


in the elapsed time ¢, and A and B are constants. 


the first few minutes or hours and decreases inversely with 
the elapsed time. Cores which reach equilibrium with a 
constant humidity environment remain quite stable. 
Cores which have shown a decrease in permeability 
because of exposure to humidity may be restored sub- 
stantially to the original dry-core value by redrying, 
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requiring up to 48 hours of drying at 240 F under a 


vacuum of less than a centimeter to remove the moisture. 


EFFECT OF TEMPERATURE CHANGES 
CHANGES IN CORE PERMEABILITY with temperature are 
partially explained in terms of the differential expansion 
and contraction of the metal and insulation. The higher 
expansion coefficient of the metal causes a compression of 
the insulation, resulting in an increase in core permeability. 
The permeability-temperature change of a typical un- 
stabilized molybdenum permalloy powder core is about 1 
per cent for a temperature change of 100 F. In certain 
cores for precision applications, this plus coefficient is 
compensated by the addition of a srnall amount of special 
molybdenum permalloy powder containing approximately 
12-per-cent molybdenum to the regular powder before it is 
formed into cores. This alloy has a Curie point just above 
room temperature and, hence, exhibits a very rapid drop 
in permeability as the Curie temperature is approached. 
By the use of blended mixes of lots of stabilizer with slightly 
different compositions, compensation to hold the permea- 
bility within +0.1 per cent over a temperature range of 
30 to 130 F 
permalloy powder cores for telephone applications. 


has been made available in molybdenum 
Com- 
pensation over wider temperature ranges is possible by the 
same method. Typical permeability-temperature curves 
for stabilized and unstabilized cores are shown in Fig. 6. 

The change in air gap and core permeability, caused by 
differential expansion of metal and insulation, has been 
compensated for experimentally in low-permeability cores 
by the addition of fillers with a high coefficient of expansion, 
such as powdered fluorspar. Such materials are less 
standard insulation de- 
veloped for molybdenum permalloy powder cores and have 
not been applied commercially. 


efficient as insulation than the 


EFFECT OF WAXES 

IF UNVARNISHED CORES are soaked or impregnated with 
wax or potting compounds, such as asphalt, the insulation 
films show a large expansion with increasing temperature 
and produce a negative permeability-temperature co- 


efficient. These changes are very unstable because of a 
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Fig. 6. Variation of permeability with temperature of stabilized 
and unstabilized molybdenum permalloy powder cores 
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Fig. 7. Typical behavior pattern of a core impregnated in wax 


and then temperature cycled. The numbers indicate the se- 
quence of measurements. The sequences 1-12 and 13-24 repre- 
sent about 8 hours each. The dotted lines represent at least 16 
hours between points 


time-dependent cold flow characteristic of the wax com- 
pound, as shown in Fig. 7. The permeability will continue 
to drift each time the temperature is changed. The pattern 
shown in Fig. 7 depends not only on the temperatures, but 


also on the elapsed time at each temperature. 


MECHANICAL EFFECTS 
IF EXTERNAL PRESSURES are applied to powder cores, an 
increase in permeability will result when the insulation 
films are compressed. The contraction of enamel, varnish, 
plastic, or other encasing compound during curing may 
This 


small cores, where the surface 


exert sufficient pressure to change the permeability. 
is especially true for very 
area is large compared to the core volume. Such cores 
normally show a more negative permeability-temperature 
coefficient because of the variation of pressure with tempera- 
ture. Under some conditions, the temperature coefficient 
may be nonlinear and may show some degree of nontracking 
when the cores are cycled. Care must be taken to eliminate 
moisture effects during the measurement of temperature 
coefficients. 

The tensile strength of 125-permeability material is 
over 200 pounds per square inch of cross section. Under 
some conditions, toroids of small cross section may be 
broken because high-speed winding machines apply a torque 
or develop a tensile force by the wedging action of turns 
of wire pulled between those already applied. Insulating 
enamel on the core increases the tensile strength. 


EFFECT OF FLUX DENSITY ON PERMEABILITY 
THE PERMEABILITIES of molybdenum permalloy powder 
cores increase with increasing a-c flux density up to about 
1,000 gausses (average density in the core cross section), 
and then decline more and more sharply until saturation is 
reached at about 6,000 gausses, as shown on Fig. 8. The 
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total increase is about 2 per cent in 125-permeability cores. 
Because of the decreasing permeability above 1,000 gausses, 
these cores are not used ordinarily above that density. 
The majority of applications are at flux densities well under 
100 gausses to take advantage of low core losses and low 
modulation. 

that maximum 


powder-core permeabilities occur at such a low flux density, 


It may appear somewhat anomalous 
whereas the peak permeability of the molybdenum per- 
malloy material occurs at a flux density above 5,000 
gausses. The much lower peak in the powdered core 
arises from the nonuniform distribution of flux in the par- 
ticle. The flux density increases much more rapidly in 
points or adjacent areas of the magnetic particles, causing 
them to saturate at a lower magnetizing field than is re- 
quired to saturate the entire cross section of the core. 

Cores subjected to d-c magnetization show a decrease in 
permeability because of the large decrease in permeability 
effected in the magnetic particles. The permeability of a 
125-permeability core will drop about 30 per cent for a 
superimposed field of 30 oersteds as illustrated in Fig. 9. 

After saturation with direct current, an average residual 
effect of the order of 0.1 per cent occurs in 125-permeability 
cores and 0.02 per cent in 14-permeability cores, as shown 
in Fig. 10. The usual manufacturing limits are +0.5 and 
+().1 per cent, respectively. 


CORE LOSSES 


CorE LOSSES in powder cores are adequately described 
in terms of eddy current, hysteresis, and residual losses.? 
Eddy- 


current losses decrease slightly with increasing temperature 


These are functions of frequency and flux density. 


because of the increase in resistivity of the metal particles. 
Hysteresis and residual losses are insensitive to normal tem- 
perature variations, particularly as compared to the varia- 
tion in d-c resistance of copper wire used in the windings. 
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DIELECTRIC PROPERTIES 


Ir A LOW-PERMEABILITY CORE is wound to an inductance 
of 40 millihenries for operation at 100 kc, dielectric losses 
shunting the high impedance may substantially reduce the 
Q of the inductor. Dielectric losses large enough to be 
troublesome may arise in a core which has absorbed mois- 


Che 


insulation body is of the order of 100 for dry 14- and 26- 


ture. “apparent” dielectric constant of the metal- 


permeability cores and much higher in 125-permeability 


cores. The dielectric Q in a thoroughly dry 14-permea- 
bility core at 100 kc is usually above 130, but may drop to 
less than 10 if the core is exposed to a relative humidity 
exceeding 50 per cent for several weeks. The dielectric 
constant increases 10 to 15 times as the core absorbs mois- 
ture 

Comparative measurements on the dielectric properties 
of a ring core with enamel or varnish finish may be made 
using electrodes of split thin metal tubings fitted to the 
inside and outside circumferences. The apparent dielec- 
tric constant and the Q are computed from the measured 


capacity and conductance values, assuming the core to be a 


homogeneous dielectric between the electrode plates. 


More accurate determinations can be made on samples 
prepared by evaporating metal electrodes on the flat faces 


of an unvarnished ring. The changes in capacity and 


conductance, which start within minutes after a dry core is 


exposed to a humid atmosphere, provide a dramatic 


means of detecting the rapidity with which moisture pene- 
trates, even through enamel and varnish. Because of the 
large difference in capacitance measured on dry cores 
and those which contain moisture, dielectric measurement 
could be 


used as an effective means of determining the 


state of a particular core with respect to moisture. 


ENGINEERING DESIGN CONSIDERATIONS 


THE STABILITY REQUIREMENTS, size of core, operating 


conditions, and many other factors enter into the design 
considerations for inductors and transformers on molyb- 


denum permalloy powder cores. The high intrinsic 
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Variation in permeability with superimposed d-c field for molyb- 


ization on permeability for molybdenum permalloy powder cores 


stability with time can be realized through the use of dry 
hermetically sealed cores free of large strains from windings 
One 
method has been to support the wound coil mechanically in 


and free of impregnating or potting compounds. 


a metal can, then thoroughly vacuum dry through a small 
When 


small cores are used, some advantage may be gained by 


hole in the can, and solder a plate over the hole. 


omitting the enamel or varnish, and providing other elec- 
trical insulation, such as a fabric wrapping, over the core. 
Many applications have not required the highest possible 
degree of precision in the past and, hence, engineering 
designs usually have not incorporated all of these pre- 
cautions. The practical importance of aging stability 
must be balanced against other expected changes from 
variations in temperature, flux density, or superimposed 
d-c conditions, previously discussed. In many precision 
applications, low core losses and low modulation are of 


prime importance. 


CONCLUSION 
THE TECHNIQUES of manufacture and application for 
molybdenum permalloy powder cores have been developed 
and improved in the Bell Telephone Laboratories and the 
The 


cores have given reliable operation in extensive telephone 


Western Electric Company over a period of years. 
applications and other uses. The developing trends to- 
ward miniature sizes and maximum precision and stability 
in a wide variety of circuit applications have emphasized 
the need for reviewing the stability behavior of the cores 
and considering means of best utilizing them. 

The molybdenum permalloy powder core, consisting of 
annealed compacts of fine magnetic particles separated 
by ceramic-type insulation films, basically possesses a high 
When the 
best stability of core permeability is desired for precision 


degree of chemical and magnetic stability. 


apparatus, the insulation films should be kept free of 
moisture, wax or potting compounds, and should not be 


subjected to large mechanical stresses. 
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Minimizing and Mapping Sequential Circuits 


W.S 


A SIMPLE CONTROL and/or memory circuit of four 

The 
mental juggling required to keep these sorted calls for a 
properly organized score card. 


coils represents 24=16 possible combinations. 


Relay requirements can be 
minimized and the score card, or “‘map,”’ delineates circuit 
synthesis. 
Minimization. Let M represent the number of combina- 
tional or sequential modes which the circuit must recognize. 
The number of distinct input signals, supplied externally, is 
designated EF. If M>E, a sequential relay circuit is re- 
quired to generate internal signals. If there are n relays, 
2n additional modes are required to turn the relays on and 


off. The minimum is the least value of n to satisfy 


2"°—2n=>M-—E (1) 


“Minimization” is accomplished here by the number of 


coils, only. At present no technique is presented for the 
consideration of stepping relays, mechanical latches, etc. 
Mapping the Circuit. 
Two switches P,Q supply four inputs (0,0), (0,1), (1,1), 
(1,0); hence E=4. ' Device X is to operate on (1,1) if P 
closed first; Y is to operate if Q closed first. 


Consider the following example: 


The four in- 
puts, with this sequential distinction, mean that the circuit 
must recognize five modes: M=5. Equation 1 gives the 
requirement: n=3. Designating these relays A, B, and C, 
their eight possible combinations are represented by a map 
of the type proposed by Karnaugh.' 

will 
A’'B'C’, the 
upper left square, will be called the “‘rest’? mode, Mode 7, 
where all 


The development of the arrows in the map, Fig. 1, 
be described, using the notation of Table I. 
relays are de-energized. Anticipating that A 
may respond identically to P, and B to Q, the transition 
occurring when P is closed is shown as the arrow from Mode 
7 to Mode 2, A’B’C’-—>AB'C’. If P is released, A will de- 
energize, returning the circuit to Mode 7, so the arrow on 
Fig. 1 has heads on both ends; i.e., the transition is reversi- 
ble. With P already pressed (and held) so the circuit is in 
Mode 2, press Q. 
AB'C'+—+ABC’. 


If Q is closed first, let this cause C to be energized as well 


This operates B, causing the transition 


Mode 3 is required input to operate X 


as B (so the final combination AP will be distinguished by 
Entry from Mode 7 to A’BC’ is thus 
shown as a continuous arrow, going on into A’BC, Mode 4. 


Mode 4 can Mode 3, 


C as opposed to CG"); 


also be entered from as shown. 








C 
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Tw 











Fig. 1. 
relay circuit. 
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Table I. Switching Algebra Nomenclature 





lower-case letters 


relay 
7=normaily pen ¢ 


value of energi ontinuity) ; 


ooil or open coatact 1 . § , a=1 and 


Square A’BC’, entered from either direction, causes im- 
A'BC. 


internal signal, and will be called an ‘‘unstable”’ 


mediate transfer to Square A’BC’ thus provides an 
mode. As 
such, no arrowheads appear within it, and the arrows pass- 
ing through it represent irreversible transitions. 

It was known that five of the eight available squares were 


needed when the problem was orginally stated. ‘These 


were “‘stable’? modes, of which four have been generated so 


far in the example. The fifth, ABC, is entered reversibly 


from Mode 4, and operates Y, as shown by the dashed 


double-headed arrow on Fig. 1. The n=3 relays required 
2n=6 signals, of which 4(= E) were externally supplied. It 
could have been seen that 2n— E=6—4=2 internal signals 
One of these, A’BC’, has been used 
The second may be used as either of the B’C 
squares, to return Mode 4 to rest, or Mode 5 to Mode 2 


would be required. 


already. 


Note, however, that only seven modes have been prescribed 
whether AB’C or A’B'C) is a 


mode, available if wanted. 


The eighth *“don’t-care”’ 
Using both remaining squares 
then, as in Fig. 1, the mapping operation is completed 
B=Q 


were retained throughout, it is only necessary to find the 


Circuit Equations. Since the identities A=P and 


C must be energized by the unstable mode 


Hence 


equation for C. 
A'BC’, and held in BC (a 2-square subcube). 


C ma'be’-+-be 


Inspection of the map reveals that the first term ma 


included in the subcube a’b, overlapping bc, thus 


= b(a, +c ) 


Transfer-time difficulties (when all contact-pairs on a 
relay are open) need be checked only in unstable squares 


when a holding circuit is involved. There are no such 


situations in the present example. When they do occur, 


they should be checked by setting r=r’=0 (for r->r’) and 


evaluating the holding circuit concerned. 
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Thermal Evaluation of Enameled 
Magnet Wire 


F, DEXTER 


MEMBER AIEE 


The thermal life of an electrical insulating system 
made up of magnet wire, coated with a modified- 
silicone enamel and other silicone components, 
has been evaluated by three different test 
methods, which are in accordance with proposed 
AIEE Test Codes that have either received 
tentative approval or are under consideration. 


tion of a modified-silicone magnet wire enamel is 


A THREE-YEAR PROGRAM of work on the evalua- 


this 


various groups within the AIEE have been working to 


summarized in this article. During time, 


develop more realistic and more reliable methods for eval- 
uating the thermal stability of insulating materials and 


As these AIEE test procedures developed, they 


The 


systems. 
were used to evaluate silicone insulating systems. 
three test procedures of interest to be discussed are: 


1. Test Procedure for Trial Use for Evaluation of the 
Thermal Stability of Enameled Magnet Wire, AIEE Stand- 
ard Number 57. 

2. Test 


Code for Evaluation of Systems of Insulating 


TEST MOTOR 
FRAME 284 


DIELECTRIC 
TWISTS 


Fig. 1. Specimens used in thermal evaluation tests 
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Materials for Random-Wound Electric Machinery, Part I, 
Motorettes, AIEE Standard Number 7C. 

3. Test Code for Evaluation of Systems of Insulating 
Materials for Random-Wound Electric Machinery, Part II, 
Motor Tests (Proposed). 


The three types of test specimens—the magnet wire twist, 
the motorette, and the motor—are shown in Fig. 1. 

Test results provide sufficient data for a comparison of 
the three methods. The correlation among the thermal 
life values of the silicone system as obtained by the three 
methods is excellent. This indicates that each of the test 
methods provides data that can be evaluated in terms of 
expected life. If such correlation can be obtained in 
evaluating other insulating systems, then the test methods 
will be excellent for evaluating any insulating material or 
system. 

For example, in the preliminary stages of develop- 
ment, the dielectric twist test is useful in the selection of the 
best wire enamel. As work progresses, more elements of a 
system must be studied. In this phase, the motorettes may 


be most useful. As a final proof of the insulation 
system, the more extensive test should be made on the 
motors. 

In this discussion, it is assumed that failure of the system 
Fail- 


ures that might be caused or influenced by mechanical de- 


is caused by thermal deterioration of the insulation. 


fects, chemical contamination, voltage surges, etc., are not 


considered. 


MATERIALS TESTED 

COPPER MAGNET WIRE, number 18 American Wire Gauge 
(AWG), coated to a heavy build with Sylkyd 7360 or 7367 
wire enamels was used in all tests. For the motorette and 
motor tests, this wire was obtained from a commercial wire 
manufacturer. Silicone varnish 997 was used to impregnate 
all dielectric twist specimens, motorettes, and motors. 

Slot liners and phase separators used to complete the 
motorettes and the motors were commercial silicone resin 
bonded mica-glass components. Other insulation, such as 
sleeving, lead wire, and slot wedges, was conventional 
commercial Class H silicone materials. 

The motorettes and the motors were wound by a local re- 
wind shop following regularcommercial winding procedures. 


Full text of paper 56-153 recommended by the AIEE Committee on Dielectrics and 
approved by the AIEE Committee on Technical Operations for presentation at the 
AIEE Winter General Meeting, New York, N. Y., January 30-February 3, 1956 
Scheduled for publication in AIEE Communication and Electronics, 1956. 

J. F. Dexter is with Dow Corning Corporation, Midland, Mich 


The author wishes to acknowledge the assistance of C. G. Currin, William McLean, 
C. W. Paxton, and F. A. Smith. 


ELECTRICAL ENGINEERING 





TEST PROCEDURES 
Twist Test. Several 


modified-silicone bare magnet wire enamel was introduced 


years ago, a high-temperature 


by Dow Corning Corporation, Midland, Mich. During its 
development, laboratory evaluation was necessary to deter- 
mine the relative thermal stability of a great number of 
formulations. Of necessity, a simple test method was de- 
using the National 
(NEMA) twisted-pair dielectric test. 


early work, together with the many 


veloped Electrical Manufacturers 


Association This 
contributions by a 
task force under the sponsorship of the AIEE Subcommittee 
on Dielectric, resulted in the test procedure! now under 
consideration for publication as an AIEE Test Procedure. 
The test consists of aging the dielectric twist specimens 
at various temperatures, and periodically subjecting them 
To make the test more realistic, the 
The 


various factors such as test voltage, humidity conditioning, 


to a voltage stress. 


specimens are dipped in impregnating varnish. 
and aging temperature that influence the test were described 
earlier.2 The results were obtained by using the methods 


described in the proposed Test Procedure. At 
several temperatures, ten impregnated twist specimens were 
aged and periodically subjected to a voltage stress of 1,000 


volts. 


Motorette Tests. ‘The motorette tests were made in ac- 
cordance with the present issue of AIEE Standard Number 
1C, dated January 1954. 
alternating current applied between phases and between 
The 


voltage was 120 volts alternating current. 


Che test voltages were 600 volts 


each phase and ground (frame). turn-to-turn test 
Ten motorettes 
were aged at each temperature. 

A proposed revision of the AIEE Standard 7C recom- 
mends a turn-to-turn test voltage of only 50 volts alternating 
current; however, the results of these tests indicate that the 
original 120-volt test is satisfactory. In any event, the test 
voltage selected should be a value that will assure good 
correlation between the magnet wire performance obtained 
in the motorettes and that obtained in motors. 

As the test specimen is scaled down in relation to the 
actual equipment, it follows that failure criterion voltages 
should be scaled upward. This compensates for differences 
in area, spacial, and volume relationships and for the fact 
that full operating voltages are not applied continuously to 
the model. An excellent example of this fact is the twist 
test. In this method, the failure voltage is 1,000 volts 
alternating current, which is much higher than the turn-to- 
turn voltages in motors or that used in testing motorettes. 
However, by selecting a high voltage, the twist-test life 
values correlate with the life of motorettes wound with the 
same wire. 

The 


days at 100-per-cent relative humidity. 


motorettes were conditioned periodically for 3 


The 


chamber was a sealed box containing a water pan kept at 


humidity 
10 C above room temperature. Under these conditions 


water condensed on the motorettes. An indication of 
water absorption was obtained by measuring insulation 
resistance. Fig. 2 shows the insulation resistance meas- 
ured on 10 motorettes during the 3-day conditioning time. 


The measurements were made at 500 volts direct current 
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MEGOHMS 


Insulation 


Fig. 2 
resistance of 10 
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Fig. 3. 
resistance of 


Insulation 
sili- 
cone insulated mo- 
tors; conditioned 
at 100-per-cent 10 20 30 40 
relative humidity 


CONDITIONING AT 100% RH -HOURS 


between the windings and the frame. This was done with- 


out disturbing the motorettes in the humidity chamber. 
Curves are drawn through the values measured on two 
of the motorettes. The wide spread in insulation resistance 


should be noted. 


Motor Tests. 
NEMA frame size 284 and were wound for operation at 440 


The motors in this test program’ were 


volts, 3 phase, 60 cps, 1,150 rpm. ‘The test motors are 
operated at normal line voltage of 440 volts for predeter- 
mined periods at the desired average copper temperature. 
Following each heat run, the motors are disassembled and 
placed in a tank maintained at 100-per-cent relative humid- 
ity. The motors are cooled to room temperature prior 
to placing in the tank so that water condenses on the in- 
sulation. ‘The motors are conditioned for 24 hours. 
Immediately upon removal from the conditioning tank, 
a 500-volt a-c test is applied for 1 minute between each 
phase and ground. Insulation resistance is measured, as 
well as dissipation factor and capacitance of the winding 


to ground. Following these tests the motor is reassembled 
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and placed on the line without a dry-out period. The 
test cycle is repeated until the motor fails. 

Part II of the proposed revision of AIEE Standard /C 
describes a similar motor test procedure. 

[he proposed test code specifies a two-day humidifica- 
tion period. However, because the major change in insula- 
tion resistance takes place during the first 24 hours, it 
follows that a one-day conditioning period is sufficient. 
his is demonstrated by the changes in insulation resistance 
shown in Fig. 3. These measurements were made at 500 
volts direct current without removing the motors from the 
tank. Insulation resistance of an unaged motor and a 


In 


each case, insulation resistance decreases rapidly during the 


similar motor aged 6,596 hours at 200 C are compared. 


first 24 hours and then levels out to a stable low value. 


TEST RESULTS 
Twist Tests. 
tests are given. 


AIEE Test 


In Table I, the results of 15 sets of twist 
These were run in accordance with the 
Procedure. Five of the sets were analyzed 
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Fig. 4. Thermal life of dielectric twist 
specimens made with Sylkyd enameled 
wire and varnish 997. Data from Table 
I. Fig. 5. Thermal life of motorettes 
wound with Sylkyd enameled 
and insulated with silicone 
Data from Table V. 
life of wound 
enameled 


wire 
com- 
ponents. 
6. Thermal 
with Sylkyd 
insulated with silicone components. 
Data from Table VII. Thermal 
life of silicone-insulation system deter- 
mined by three test methods. Data 
from Tables I, VI, VII. Fig. 8. Com- 
parison of thermal life of Class A and 
(Class 


Fig. 
motors 
wire and 


Fig. 7. 


silicone motor insulation systems. 
A data: References 7, 8, and 9) 


200 


the linear regression procedure.‘ This 


procedure is a method of fitting a straight line to data 
The 


average calculated from the data as a whole, instead of 


statistically by 


having a high correlation. regression line is an 


the usual procedure of averaging the failure hours at each 


temperature. The regression line is based on the assump- 


tion that the best straight line for a set of data must be 
drawn so that the sum of squares of the deviations from a 
straight line is a minimum. 

The 95-per-cent confidence limits for each of the five sets 
These are given in Table I 
The 95-per-cent confidence 


of data were also calculated. 
after each regression average. 
limits indicate there is 95 per cent surety that the mean 
falls The narrow confidence 
limits indicate that the twist test is reliable. In the develop- 
ment of the Test Code by the AIEE Task Force, this same 


value within these limits. 


insulating system was also tested by six laboratories. Essen- 
tially, the same results were obtained by each of the co- 
operating laboratories showing that the test method gives 


reproducible thermal life values. 
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A regression line and the average life values calculated 
from the thermal life values of 15 test sets are also given in 
Table I. 


be expected when different lots of materials are tested by 


This regression line allows for variations that mav 
different personnel at different times. Factors causing 
variations include different lots of wire enamel and varnish, 
different curing conditions in the wire tower, operator 
skill in preparing samples and in applying test voltages, 
plus fluctuations in oven temperatures that occurred in the 
three-year period during which these data were collected. 
The thermal life data from Table I are shown graphically 
A 


in Fig. 4. This curve establishes the life-temperature 


characteristic of the silicone insulation system as deter- 
mined by the dielectric twist method ;° the regression line is 
shown. 

Some investigators in this field use a failure voltage cri- 
terion higher than the 1,000 volts. To provide data for 
comparison, the life values of the silicone system were 
obtained at higher test voltages. These data shown in 
Table II indicate that higher test voltages do not have an 
appreciable effect on the life values. 

Table III provides thermal life values of the modified 
silicone enamel when coated on aluminum and on nickel- 
plated copper wire. It is interesting to observe that the 
thermal life of the enamel on aluminum wire is almost five 
times the life on copper wire. The oxidation of the copper 
at high temperatures probably accounts for this difference. 
The thermal life obtained on the aluminum wire may be 
considered as a more accurate representation of the true 
thermal stability of the insulating system. Since stability 
of the conductor is obviously on important factor, it also be- 
comes a significant part of the over-all system under test. 

The thermal life of enameled magnet wire is also affected 


The life of the 


modified silicone enameled wire dipped in several different 


by the impregnating varnish. thermal 


varnishes is supplied in Table IV. It readily can be seen 
that the life is affected appreciably by the varnish. 

In the development of the test code for evaluating 
enameled wires, it was suggested that a water immersion 
test be included in lieu of the complicated humidity test. 
The purpose of humidity conditioning is to facilitate finding 
any flaws or discontinuities in the insulating structure that 
may result from aging. It follows, however, that increasing 
the test voltage serves the same purpose. To substantiate 
this opinion, two series of twist specimens were aged at 
various temperatures. One set was tested without condi- 
tioning; the other set was immersed in tap water for 24 
hours at the end of each aging period. The samples im- 
mersed in water were subjected to a test voltage of 100 
volts alternating current immediately after removal from 
The thermal life values of the two sets of twists 
Table V. 
thermal life values were obtained with both sets. 
1,000-volt 


caused by thermal deterioration. 


the water. 
are compared in Approximately the same 
This in- 
flaws 


will seek out 


While this fact is true for 


dicates that the test any 


the silicone system, it may not be true for organic materials. 


Motorette Tests. Ten motorettes were aged at 200, 225> 
250, and 275. C.. -As 


motorettes aged at 275 and 250 C have failed. 


of November 1, 1955, only the 


The thermal 
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Table I. Thermal Life of Dielectric Twists (AIEE Test Procedure) 





Thermal Life, Hours 
Set manual aon 
Number 300 C ; 250 C 





1 
1 
15 
Average of | 
Calculated 
line, hour 
)5-per-cent « 


hours 





* Numerals f 


** Numerals in parentheses te ist samples that have failed 


5-per-cent confidence limits 


Table II. Thermal Life of Dielectric Twists at Test Voltages 


Higher than 1 Kv 





Test Thermal Life, Hours 
Set Volts, az 
Number Kv 300 C 250 C 


225C 200 C 





Thermal Life of Dielectric Twists on Wire other than 


Copper 


Table III. 





Thermal Life, Hours 
Set Wire 
Number Material 





No. 18 Ni 
No. 18 Al 
No. 18 Al 
No. 18 Al 


Table IV. Effects of Varnish on Thermal Life (No. 18 Enameled 


Wire, 1 Kv, 10 Types) 





Thermal Life, Hours 
Varnish 
Number Varnish Type 225C 200 C 





Organic 

Alkyd, fatty acid 

Oil modified phenolic 

Oil modified phenolic 

Oil modified phenolic 

Oil modified phenolic 

Oil modified phenolic 27 1,083 

Alkyd 

Oil modified alkyd 7 193 

Oil modified phenolic 243 73 

Phenol-formaldehyde 3 ,058 

Organic 16 45 

Organic l 464 

Epoxy, urea-formaldehyde 1 754.4 
oO Modified silicone , 462 
P Silicone ( 221 


melamine ) 34 





* Numerals in parentheses are number of twist specimens that have failed 
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Effect of Moisture on Thermal Life 





Average Thermal! Life, Hours 


Test Condition 250 C 





Dry, 1 kv 


D-24/25, 100 volts a-< 


Table VI. Motorette Life Data 





Life in Hours 
Motorette 
Number 


225C 





x 


10 . 
Average life, hours 
95-per-cent confidence 
limit, hours +5.3, —4.! 


>a 


haha RR RAL 





* Motorettes failed voltage test following humidification; 
applied after the heat aging period 


all others failed voltage test 


Note: The turn-to-turn test voltage used in these tests was 1 


£ current; 
all failures were turn-to-turn 


Table VII. Motor Life Data 





Life in Hours 


225 C 





Average life i 62 





® Motors still running as of November 1, 1955 


Note: All failures were turn-to-turn as far as can be determined: s failed 


during the running period at high temperature. 


life data obtained from all motorettes are given in Table 
VI. 
are given for the two temperatures at which all the motor- 
ettes have failed. 


The average life and 95-per-cent confidence limits 


Although the data are not complete, 
the confidence limit indicates the consistency of the results. 
The data in Table VI are shown graphically in Fig. 5. A 


line has been drawn through the three failure points to 


provide an estimate of the life-temperature characteristic 
for the insulation system. 

Motor Tests. The thermal life values obtained on the 
motors are given in Table VII. 

Fig. 6 illustrates the thermal life-temperature character- 
istic of the complete silicone insulating system. Each motor 
Also indicated is an area 
which includes all of the motor life values. It may be 
assumed that the average motor life value falls within this 
area. 


failure is shown in this graph. 
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DISCUSSION 


THE RESULTS obtained by these three test methods are 
compared in Fig. The life-temperature line deter- 
mined by each method on the same basic insulation system 
falls within a narrow range. Under these test conditions, 
then, the silicone system degrades according to a linear law 
in terms of the graph co-ordinates. This relationship will 
hold true at any temperature, if no new variable is intro- 
duced affecting the test results. Considering the many 


variables already present in the evaluation at higher 
temperatures, it is reasonable to assume that the data may 
be extrapolated to 180 C. 


tion among the life values, these test methods will be of 


Because of the excellent correla- 


valuable assistance in evaluating insulation systems. As 
other test codes are developed for different materials and 
apparatus, it is hoped the results will correlate as consistently 
as these three methods discussed. 

As mentioned, the primary purpose of the program was 
It is felt 
that sufficient data have been collected to provide a basis 


the evaluation of a particular insulation system. 


for estimating the thermal stability of the silicone system. 
In Fig. 8, the thermal life of the silicone system is compared 
with the thermal life of Class A systems taken from pub- 
data.’ Class A data 
methods similar to those used in this study. 


lished These were obtained by 

Fig. 8 shows that the thermal life of Class A insulation 
systems is in the range of 10,000 to 30,000 hours at 105 C. 
However, Class A motors last much longer than these tests 
would indicate. Field experience has proved that the Class 
A systems will give long and satisfactory life in the order 
of 10 to 20 years under normal operating conditions. 
Obviously, these accelerated tests are more severe than 
normal operating conditions. Therefore, the life deter- 
mined by test must be multiplied by a factor of approxi- 
This is 
because most motors are not operated continuously nor 


mately 8 to obtain the normal life expectancy. 
are they always at full load when running. Furthermore, 
the temperature rise of most Class A motor designs is based 
on a 40 C ambient temperature. Most motors do not 
operate continuously at full load in a 40 C ambient. On 
the other hand, the test equipment operates continuously at 
the high temperatures. Therefore, a factor of this magni- 
tude is reasonable when the life of the test equipment is 
compared with that of motors in “‘normal” service. 

The logical conclusion is that a life value in the range of 
10,000 to 30,000 hours for Class A systems at 105 C estab- 
lishes a bench mark against which the life of other insulating 
systems may be compared. A bench mark such as this must 
be recognized if the test procedures under development by 
the AIEE are to be of value as methods for evaluating the 
thermal life of 
the life 


This assumes, of course, that 
the 
has been established from enough reliable data 


materials. 
temperature characteristic for system in 
question 
to make bona fide extrapolation to the hottest spot tem- 
perature. 

Therefore, comparing the thermal life of the silicone 
system with that obtained on Class A systems, it is concluded 
that the silicone system consisting of Sylkyd enameled 
wire and silicone varnish 997, together with suitable Class 
H components in random-wound electric machinery will 
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have a life expectancy at a hottest spot temperature of 
180 C comparable to that of Class A systems at 105 C. 
Since the AIEE Standard Number 1 definition of Class H 
does not exclude the use of enameled magnet wire, the 
silicone system qualifies as Class H as defined in this 
standard. 


CONCLUSION 


The thermal life values obtained on the insulation 


system by three test methods show excellent correla- 


tion. Data have been presented to show that the modified- 
silicone enameled wire together with silicone components 
provide an insulation system in random-wound electric 
machines qualifying for operation at Class H tempera- 
tures. 
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Pump-Turbine Addition 
at IT'VA Hiwassee Hydro Plant 


R. SELLERS 


MEMBER AIEF 


Studies in preparation for the installation of a 
second unit at Hiwassee Dam showed that the 
26-per-cent additional installed cost of a pump- 
turbine-type unit was justified by economic 
and operating advantages. Design and opera- 
tion characteristics of this 80,000-hp unit, as 
well as the field test to be given after initial 
operation, are discussed. 


IWASSEE 
Authority 


DAM, built by 
(TVA), is 
corner of North Carolina on the Hiwassee River, a 
the River. total 
volume provided by this dam is 438,000 acre-feet, of which 
304,700 is 
started in July 1936, and power generation began in May 
1940. 


Operation of the project, which is conducted on a 


Valley 


southwest 


the Tennessee 


located in the 


tributary of Tennessee The storage 


useful controlled storage. Construction was 


multipurpose basis, is integrated with two upstream reser- 
voirs, Chatuge and Nottely, both completed in 1942, and 
also with Apalachia Dam, located 9.8 miles downstream. 
The latter project, completed in 1943, creates a reservoir 
extending to Hiwassee Dam. 

The original installation at Hiwassee consists of one 120- 
rpm Francis-type turbine rated 80,000 hp at 190-foot head 
and a generator rated 64,000 kva, 60 cps, 0.9 power 
factor. Design provisions were made for the installation of 
a duplicate unit at a later date. 


Marcu 1956 


E. KIRKLAND, Jr. 


Fig. 1 shows a general view of the powerhouse and dam. 
A 275-ton gantry crane of the outdoor type is provided to 


handle the turbine and generator parts through roof 


hatches. The hatch cover for Unit 7 can be seen below 


4 


the crane. Unit 2 is now being installed on the river side 


of Unit 7. 
PUMP TURBINE RECOMMENDED 
1951, in 


installation of the second unit at Hiwassee. 


STUDIES WERE BEGUN, in preparation for the 
At that time 
the development of the pump turbine had reached such a 
stage that a unit of this type could be considered for this 
project. The Hiwassee plant is well suited for a pumped 
storage development, because the lake formed by Apalachia 
Dam backs up to the Hiwassee powerhouse and provides 
approximately 8,700 acre-feet of water for 


This is equivalent to about 27 hours of pumping at rated 


pumping 


pump Capacity. 

A thorough study of the benefits to be derived from the 
installation of a pump-turbine unit as compared with the 
addition of a conventional turbine was made by the plan- 
ning branch of TVA, with the result that installation of a 


pump-turbine unit was recommended. 


This study indi- 
aper 56-145, “Pump-Turbine Unit 2 Addition at TVA Hiwassee Hydr« 
Plant,’”’ recommended by the AIEE Committee on Power Generation an 
the AIEE Committee on Technical Oper 
General Meeting, New York, N. Y 
publication in AIEE Power Apparatus and Systems, 1956 
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cated that a satisfactory return on the 26-per-cent additional 
installed cost of a pump turbine would be realized because 
of the increased on-peak energy and generating capacity 
available. In addition, important but intangible benefits 
may be realized, such as increased flexibility of system 
operation and the maintenance of higher heads at other 
plants. ‘The upward trend in capacity charges and possible 
greater differential between peak and off-peak energy 
costs would also enhance the advantage of a pump-turbine- 
type installation. 

Fig, 2A shows the expected additional available capacity 
for the period of high system load. The additional capac- 
ity is a result of the higher head mantained on both units 
by off-peak pumping. Typical weekly operation during 
2B. 


in regard to expected operation is available.'” 


this period is shown by Fig. Additional information 

After considerable consultation with the pump-turbine 
manufacturer, the Allis-Chalmers Company, Milwaukee, 
Wis., it was decided that the unit should be rated 80,000 
hp at a 190-foot net head and should operate at a speed of 
105.9 rpm. It would rotate clockwise as a turbine. It 
was also decided that for pump operation the unit should be 
rated 3,900 cubic feet per second (cfs) at 205-foot net head 
and operate at a speed of 105.9 rpm. Operation as a 
pump would be counterclockwise. 

During the early stages of planning, several alternate 
pump-turbine units were considered. It was first thought 
that the limiting factor would be the largest size runner that 
could be shipped in one piece. Such a unit would have 
been rated approximately 48,000 hp at 190-foot net head 
as a turbine and 2,500 cfs at 205-foot net head as a pump. 
This size would have been inadequate for TVA’s require- 
ments as a turbine; therefore, it was decided to build the 
runner in sections and assemble it in the field. ‘The runner 
being installed is made in three sections and is bolted to- 
gether. 

A 2-speed unit, that is, one which would operate at one 
speed when generating and a different speed when pump- 
ing, was also considered. ‘The 2-speed type has the ad- 


vantage of better efficiency, inasmuch as maximum eff- 
ciency of the unit for turbine operation occurs at a lower 
speed than for pumping. However, the generator manu- 
facturers consulted did not consider it advisable to design 


a pole-changing 2-speed synchronous-type unit of this size. 


Fig. 1. Hiwassee project, 1940, Unit 1 installed 
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Cost, crane lift, and space requirements also would have 
been prohibitive for this installation. 

The unit finally selected was the largest, physically, that 
could be installed in the space available, and the speed 
selected was a compromise between best speed for pumping 
and best speed for generating. 

Table I lists ratings and other pertinent data for Unit 7 
turbine and generator and, also, for the Unit 2 pump 
turbine and generator motor. 


DESCRIPTION OF PUMP TURBINE 


THE HIwASseE PUMP-TURBINE UNIT is similar in appear- 
ance to a conventional Francis-type turbine. The em- 
bedded parts consist of plate-steel draft-tube liner, plate- 
steel discharge ring, cast-steel stay ring, plate-steel spiral 
The 


spiral case is of welded construction and is welded to the 


case, and plate-steel pit liner, as shown in Fig. 3. 


stay ring, as shown in Fig. 4. The shop welds were furnace 
To the of field 


required, the stay ring and spiral case sections were made as 


annealed. minimize amount welding 
large as consistent with ease of handling and shipping. 
The field welds were stress-relieved by the low-temperature 
flame stress-relieving process, and the completed stay ring 
and spiral case were hydrostatically tested at a pressure of 
1.5 times the design pressure. 

Flow of water to the impeller runner is controlled by 
20 cast-steel wicket gates. ‘The wicket gates are connected 
by suitable levers and links to the shifting ring which is, 
in turn, connected to the 2-gate servomotors. The servo- 
motors, acting under oil pressure from the governor, control 
the wicket-gate opening. 

The impeller runner is the part that most distinguishes 
the 


Fig. 


pump turbine from the conventional Francis type. 
5 shows the runner in the erection area after the three 
sections were bolted together. ‘The runner for the Hiwassee 
unit has six vanes compared with 19 in the conventional 
unit, and its diameter at the center line of the distributor is 
considerably larger. It is set 6 feet lower with respect to 
The 


diameter and lower setting are dictated by the pumping 


tailwater than the conventional runner. larger 


requirements of the unit. 


A number of accessories, ordinarily not provided fora 
conventional turbine required for the pump turbine are: 


1. Draft-tube trashracks are provided to prevent trash 
from entering the impeller runner during pumping opera- 


tion. It is important that these trashracks do not become 


clogged and lower the effective tailwater level sufficient to 


cause Cavitation in the impeller runner. To prevent 


operation of the unit as a pump under these conditions, 
an additional tailwater level indicator has been provided 


inside the trashracks. This gauge is equipped with electric 


contacts for alarm and shutdown in case the effective 


tailwater level becomes too low. 


2. Equalizing pipes are connected between the head 


cover and the draft tube to decrease the pressure under the 
head cover. 


This reduction in pressure has the effect of 
reducing the hydraulic thrust and reducing the disk friction. 

3. Two indicating flowmeters are provided for Unit 2— 
one for turbine operation and one for pump operation. 
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These are connected to the station flowmeter which records 
and totalizes the net plant discharge. The net discharge is 


the total drawn by both units from the Hiwassee Reservoir, 


minus the amount returned to the reservoir by pumping 


operation on Unit 2. 

4. Wicket-gate brakes are provided to prevent chatter- 
ing or vibration of the wicket gates, since model tests and 
operating experience on similar units have indicated that 
The 


brakes are air-operated and act directly on the gate stems. 


chattering might occur at certain gate openings. 


They are automatically controlled so that the braking 
pressure is reduced when the gates are moving in either 
direction and applied at full pressure when they are station- 
ary. The brakes are not used when the unit is operating as 
a turbine. 

5. The usual facilities are provided for blowing the 
water down below the runner to reduce the power re- 
quired for operation of the unit as a synchronous condenser. 
Another use for the blowdown facilities will be to reduce the 
torque required when starting asa pump. Blowdown may 
also be useful for gradually reducing the power input to 
below the input required at closed gate, when shutting the 


unit down from pumping operation. 
Model Tests. 


the manufacturer made a number of tests on an 18-inch 


During the design of the pump turbine, 


homologous model to supplement other design work and to 
demonstrate that the pump turbine will have the desired 
characteristics. Tests of the final model impeller runner 
were witnessed by TVA personnel. 

From these tests its was determined, using a conservative 
that the 


manufacturer’s efficiency guarantees for both pump and 


efficiency ‘‘step-up”’ factor, the unit will meet 


turbine operation. ‘The tests also indicated that the pump 
capacity guarantees will be met at all heads and that the 
turbine capacity guarantees will be exceeded below 200-foot 
net head, but will not meet the guarantee at 220-foot net 
head by about 2,000 hp. However, since the generator 
capacity limits the power output at heads above 200 feet, it is 
obvious that increased turbine output at the higher heads 
would be of little value; therefore, no attempt was made to 
effect such an increase. 

Tests were also made to determine the cavitation charac- 
teristics of the unit, both as a turbine and as a pump. 
These tests indicated that for turbine operation, cavitation 
would not occur under any normal condition. For pump- 
ing operation, the tests indicated that the limits imposed by 
the manufacturer, in the contract, were satisfactory. It 
was also determined that the pump could be operated at a 
somewhat lower head than dictated by the cavitation 
limit by throttling the pump discharge with the wicket 


gates. However, because of decreased efficiency, this low- 


head operation would not ordinarily be worthwhile. 

In designing the impeller runner, it was necessary to give 
consideration to the power requirements for pump opera- 
tion, since the first model tested indicated that the power 
required by the pump would exceed the maximum rating 
of the motor by about 4 per cent. To lower the power 
input to the motor, the manufacturer reduced the vane 
diameter of the model’s impeller by an amount equal to 


about 1 inch on the prototype. 
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This had the effect of 
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Fig. 2. 
tem load. (bottom) Typical weekly operation during period of 
high system load 


(top) Available plant capacity during period of high sys- 


reducing the pump horsepower to an acceptable value and 
of reducing the pump capacity to approximately 3,800 cfs 
at a 205-foot net head. The pump efficiency and turbire 


characteristics were substantially unchanged.  Becaus« 
of the inability to exactly predict prototype performance 
from a model test, it was decided to build the impeller 
runner with a diameter of 266 inches and do any necessary 
trimming of the vanes in the field after capacity tests ar 
made. 
To summarize, the model tests showed that 

turbine could be built to meet TVA’s requirements for a 
pumped storage unit for the Hiwassee project. The exact 
operating characteristics of the unit will be determined by 


field tests. 


Operating Characteristics. Figs. 6 and 7 show the expected 
performance of the unit, operating as a turbine and as a 
pump, respectively. These curves are based on model test 
and calculated 
Fig. 6 that 


maximum efficiency of the unit when generating occurs at 


data, guaranteed generator efficiencies, 


penstock losses. It will be noted from the 


maximum or nearly maximum gate opening and drops off 
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rather rapidly as the gate opening is decreased. For this rea- 
son, the unit will not normally be operated at part load nor 
for load regulation. 

It is interesting to note that the maximum runaway of the 
pump turbine is only about 42 per cent above rated speed, 
while maximum runaway speed of the conventional unit is 
almost 100 per cent greater than rated speed. 

As shown on Fig. 7, the over-all efficiency of the unit 
when pumping is quite high over the entire operating range. 
The flat 
the movable wicket gates. 


exceptionally curve is partially because of 
For instance, if the unit were 
operated against a 240-foot head (2,900 cfs) at the gate 
opening recommended for a 190-foot head (4,200 cfs), the 
efficiency at the 240-foot head would be about 7 per cent 


The 


shows the gate opening for best 


poorer than that shown on the performance curve. 


lower curve of 


Photo courtesy Allis-Chalmers Manufacturing Company 


Fig. 4. Pump turbine, shop-assembled stay ring and spiral case 
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Section through Unit 2, generator motor and pump turbine 


Pump 


efficiency plotted against pump dis- 


charge. This curve was computed 


_€Ell3l2 


GENERATOR-MOTOR DESIGN 


ALT) from model test data. 


Co-oRDINATION of the generator- 
Generator Bus . . 
motor design with the pump tur- 
bine, main transformer, and trans- 
Air Seal 
Air Cooler 


mission-line characteristics involved 
a series of interesting investigations 
before the final design was selected. 
The required motor output of 102,- 
000 hp, or 76,092 kw, established a 
frame size larger than the generator, 
required to match the turbine rated 
output of 80,000 hp. This led to the 
decision to rate the motor at 80 C 
rise. A unity power-factor motor, 
although least expensive, was found 
unsuitable because of its lack of re- 
active capacity to 


Welded Plate 
\ Steel Spiral 
Case 


control trans- 


\ . 
gl2n0_\ main-transformer 


} 


mission-line and 


regulation. Although a lower power 


Bottom Ring / factor was desirable, a compromise 


figure of 0.95 was selected in order 
to limit the rotor weight to that es- 
tablished by the capability of the 
crane. The 
motor rating was thus established at 
102,000 hp, 0.95 power factor, 80 C 
105.9 
generator rating was specified as 
70,000/80,500 kva, 60/80 C 
105.9 rpm. 


existing powerhouse 


rise, 13,500 volts, and rpm. The corresponding 
59,500/68,425 kw, 


rise, 0.85 power factor, and 


Higher than normal flywheel effect was not required. 
The relatively high inertia constant of 3.71 shown in Table 
I for generator plus turbine was inherent in the design. 

The generator motor was furnished by the Allis-Chalmers 
Fig. 3, it is 
enclosed in a concrete barrel constructed integrally with 


Manufacturing Company. As shown in 


the powerhouse structure, the same as Unit 7. A remov- 
able fabricated steel cover placed just above the powerhouse 
deck level provides crane access for assembling and dis- 
mantling the generator motor and pump turbine. 

The directly connected main and pilot exciters are tele- 


scoped to reduce headroom requirements. An 84-inch- 


Fig. 5. Unit 2, pump-turbine runner as assembled at site 
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diameter Kingsbury thrust bearing is located below the 
rotor, and each of the 8 thrust shoes are provided with a 
high-pressure oil connection for reducing the starting 
friction. A motor-driven pump mounted externally on the 
lower bearing bracket furnishes the high-pressure oil 
supply. 

Six air coolers for the stator are mounted tangentially to 
the stator wrapper plate. A shop view which illus- 
trates partially stacked rotor is shown in Fig. 8. The 
normal practice of TVA is to install discontinuous-type 
damper windings; however, the continuous type, as 
shown in Fig. 8, were required by the pump start duty. 
Note the straight-type fan blades mounted above the rotor. 
This type blade is required for reversible rotation operation. 

Ventilating air supply for the exciters is obtained from 
the generator room and discharged through vents in the 


generator hatch cover above the exciters. Provision is 


made to discharge this air back into the generator room 
when required to reduce station heating requirements. 


Motor Start Methods. Various methods considered for 
starting as a motor included: (1) full voltage, normal 
frequency; (2) partial winding at normal voltage and 
frequency; (3) synchronous start from standstill by means 
of 13.8-kv connection to Unit 7; (4) induction start at 
reduced voltage and frequency by means of 13.8-kv con- 
nection to Unit 7; and (5) reduced voltage, normal fre- 
quency, by connecting the motor to a 6,600-volt tap on the 
main transformer 13,200-volt winding. 

Method 7 could not be used because full voltage start 
would impose a 158,000-kva : 
demand on the 161-kv system. 

The generator designers did 


Comparison 


of Turbine and Pump-Turbine Units 





Normal] speed, rpm 
Runner diameter at distri 
Elevation 
Distributor center line, feet 
Bottom of draft tube, feet 


r center line, 


Turbine characteristics 
Rated head, feet. . 
Best efficiency head, feet 
Rated output, hp 
Runaway speed, rpm 
Efficiency at rated head and hy 
Maximum efficiency... 
Flywheel effect, pounds/square foot. . . 
Manufacturer 


Pump characteristics 
Rated head, feet 
Rated discharge, cubic feet/second 


Efficiency at rated head and discharge, per cent.. 


Maximum efficiency 


Generator characteristics 
Rated output (60 C), kva. 
Capability (80 C), kva.... 
Power factor, per cent. 
Voltage... “< 
Efficiency at rated output and power factor, per 
cent 
Flywheel effect, pounds/square foot 
Thrust bearing total load, pounds 
Manufacturer 


Motor characteristics 
Rated output (80 C), hp 
Power factor, per cent 
Voltage 
Efficiency at rated output and power factor, per 


Input kva at rated output and power factor 


Generator plus turbine 
Inertia constant, kw second/kva 


inches. 


Unit 1, 
Turbine 


161 


1,277 
1,240 


190 
200 
80,000 
235 
84.7 
90.0 


; 2,600,000 


Newport News 


64,000 
73,600 


90 


13,800 


97.4 
60,300,000 
1,104,000 

Westinghouse 


Unit 2, 
Pump Turbine 


30,000 
161 
87.3 
’ 89.4 
18,000,000 
Allis-Chalmers 


80,500 

85 

13,800 

82,818,700 

1,365,000 
Allis-C 





not recommend the use of 
partial winding start, method 
machine. 


Methods 3 and 4 were prac- 


2, for this type 
ticable but required the use of 
Unit 7 for each daily start 
during the pumping season. 
Method 5 was adopted since 
it was calculated that 
motor could be accelerated to 
normal speed in less than 2 
minutes with a start kilovolt- 
amperes of about 35,000 with 


the 


the 
This method, 


water depressed below 
pump runner. 
in addition to being entirely 
independent of Unit 7, had a 
favorable cost factor and was 
particularly adaptable to a 
relatively simple control of all 
pump-turbine and generator- 
the 
main control room. The 
TVA system now has 42 hy- 


dro units operating with this 


motor operations from 











type of remote control, and 
has 6 supervisory-controlled 
units in unattended plants.’ 
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Fig. 6. 
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Unit 2 characteristics when generating 








closed and the motor- 
operated rheostat for the main 


is 





exciter field is run to a pre- 
selected position. 





“eat 


ade 


LIMITS THROTTLING | 
WITH WICKET GATES. 
j 


+ 


so 


| oS 


—}——} 1272 TW - 


Before the start breaker can 
be closed, the following inter- 


EFFICIENCY 
+ FOR THROTTLING 
CONDITIONS 


= | — 


locks must indicate that con- 
ditions are normal: (1) head 


gate open; (2) pump switch 
(273) closed; (3) 
oil pressure normal; 
brakes released; (5) 


governor 
(4) air 
thrust- 
bearing cooling-water flow 
normal; (6) turbine-seal water 
flow (7) 
bearing oil level normal; 


1276 TW 


turbine- 
(8) 
oil 


normal; 


starting 
pressure normal; (9) exciter 


thrust-bearing 


ENT 


ns 4 





1272 TW 
1276TW 





1280TW ly 


TE OPENING ~ 
THROTTLING 


PER 


field rheostat in the 
selected “start” position; (10) 


tailwater draft 


+ 


pre- 


Hie 


level inside 


)PENING , 


tube above the limiting mini- 
(11) water 





GATE 


mum elevation; 





Fig. 7. 


Protection. In 


phase differential, overcurrent backup, and ground-fault 


Generator-Motor addition to the split- 


relays normally installed for the TVA hydro generators, 
1 


the following protective devices were provided: 


i. 
will trip the start breaker, if the motor does not reach 1- 


Timer relays for protection of rotor damper windings 


per-cent speed in a normal time or if the motor does not 
reach synchronous speed in a preset time. These relays 
also provide a time delay between starts to allow for cooling 
of starting windings. 

) 


2. An underpower relay and an out-of-step relay will 
initiate shutdown when pumping to protect the motor 
from transmission-line disturbances. 


2 


A field-failure relay is provided. 


Inasmuch as this machine is grounded through a resist- 


ance-loaded distribution transformer, shutdown from a 


ground fault will be initiated by a neutral voltage relay. 


OPERATION 


( 


REFERRING to Fig. 9, it can be noted that the generator 
motor, Unit 2, is connected to the main transformer bank 2 
through reversing disconnect switches 273 and 275 and 
start and run breakers 226 and 228. The start breaker 
connects to a mid-tap of bank 2 low-voltage windings, 
giving a nominal start voltage of 6,600 volts. 

For a normal motor start, the switchboard operator first 
starts the unit auxiliaries by a master control switch. 
This operation starts the thrust bearing oil pump, opens the 
seal-water and cooling-water supply valves, and starts the 
oil pump. By placing the operation 


selection switch in the pump position, disconnect switch 273 


turbine-bearing 
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depressed below the pump 

impeller; (12) field breaker 

open; and (13) pilot exciter 
field-reversing switch must be 
in pump position. 

When 


starting, 


all interlocks are in the position required for 
as indicated by a lamp on the benchboard, the 
operator will close the start breaker, which initiates the 
following sequence: (1) motor will start at reduced voltage; 
at approximately 95-per-cent speed, a polarized field 
frequency relay will close the field breaker at the optimum 
rotor slip position; and (2) after a short time delay, the 
start breaker will trip and the run breaker will close through 
a synchronism check relay; the open transition time will be 
approximately 1 second, as required for the motor rotor to 
drop back approximately 60 electrical degrees, which is the 
phase difference between the main transformer start and 
run delta connections. 

Advancing the gate limit setting will then open the air 
bleed-off valve, prime the pump, and build up the motor 
power input to that required by the pump at shutoff head, or 
approximately 27,000 kw. A float switch connected to the 
turbine outer head cover will indicate when the pump is 
primed, after which the wicket gates can be opened to the 
position for best efficiency at the existing operating head, as 
shown on curve in Fig. 6. 

Normal shutdown will involve closing the wicket gates 
and admitting air to depress the tailwater below the 
impeller. Operation can then be continued as a condenser ; 
or if complete shutdown is required, the operator will trip 
run breaker 228, which starts the thrust-bearing oil pres- 
sure pump and applies the brakes of the generator motor 
when the unit has decelerated to 50-per-cent speed. 


FIELD TESTS 


Pump-Turbine Tests. 
efficiency and capacity tests of the pump turbine for both 


The TVA plans to make complete 
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pump and turbine operation as soon as practical after 
initial operation. The Allen salt-velocity method was 
chosen for determining the flow through the unit because 
it is readily adaptable to either pump or turbine operation. 
The principle of this method is to inject a quantity of salt 
solution into the penstock and measure electrically the time 
required for the solution to travel a known distance between 
two points in the penstock. This travel time is used for 
computing the average water velocity. 

It is tentatively planned to make pump tests at both high- 
and low-tailwater elevations and at sufficient different gate 
positions to determine the gate opening that gives best 
efficiency for the conditions existing at the time of each 
test. Turbine tests will cover the entire range of gate 
openings, so that a complete characteristic curve for the 
head existing at the time of the test will be obtained. 

Data obtained from these tests will be used to revise the 
operating characteristic curves, to calibrate the pump and 
turbine and to the manufacturer’s 


flowmeters, check 


efficiency and capacity guarantees. 


Generator-Motor Tests. A complete set of segregated loss 
tests by the deceleration method will be made after com- 
pletion of the initial operation tests. Supplemental tests 
with oscillographs will also be made to determine starting 


and pull-in characteristics for motor operation. 
CONCLUSIONS 
THE FOLLOWING CONCLUSIONS necessarily apply only for 


the hydraulic 
hydro plant: 


and operating conditions at the Hiwassee 


1. The 26-per-cent additional installed cost of a pump- 
turbine-type unit at Hiwassee was justified by the economic 
and operating advantages that will be obtained as compared 
to a conventional-type unit. 

2. As demonstrated by model tests, a pump turbine 
with good efficiency for both pump and turbine operation 
at a common speed can be built. The efficiency as a 
turbine drops off rather rapidly as the gate opening is de- 
creased; however, the unit will not be normally operated 
at part load. 

3. Generator-motor frame size and cost were established 
by the motor requirements. 

4. Of the several motor starting methods investigated, a 
transformer mid- 


reduced voltage start utilizing a main 


“plE ew 
dee. 


Fig. 8. Unit 2, 70,000-kva/102,000-hp generator-motor 
shop view of partially stacked rotor with poles fitted 
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Fig. 9. Connection diagram, Units 1 and 2 


tap was found advantageous from the operation, control, 
and cost viewpoints. 

5. Water should be depressed below the runner during 
the start cycle since 36 per cent of full-load torque is re- 
quired at the pump shutoff head. 
and 


generator motor starting and operation was found prac- 


6. Semiautomatic control of the pump turbine 


ticable with remote supervision from the main control room. 
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Photoengraving Process 


A photoengraving plate-making process, many thousands 
of times faster than conventional methods, has been de- 
veloped by Radio Corporation of America. Employing 
the “‘Electrofax” system of electrostatic photography, a 
complete lithographic plate can be made in less than a 
minute, and a printing plate can be prepared for etching in 
a few minutes. The process involves coating metal or 
other surfaces with inexpensive pigment for direct ex- 
posure. ‘This process may be applied to printed circuits 
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Lightning Protection in a 24-Kv Station 


H.R. ARMSTRONG 


MEMBER AIEE 


HE RESULTS of synchronograph field tests and Ana- 

com laboratory studies on a 24-kv multiline bus are 
presented. Previous studies on higher voltage stations 
indicated the influence of multiple lines on the surge voltage 
at the bus and the connected transformer. 
of that data to lower voltage systems seemed questionable, 
however, because of differences in the station circuit con- 
stants. This study has extended the station surge-perform- 
ance data down to the 24-kv level and, also, has provided 
idditional verification of the miniature-system method 


Extrapolation 


by means of synchronograph field tests. 

Fig. 1 shows the 9-line bus with supplying transformer. 
[he connected lines were open wire on wood poles and were 
assumed to be, for the purpose of the problem, either 
For the case of shielded lines, the 
basic impulse insulation level (BIL) of the line insulation 
was 750 kv. Both the 25-kv class transformer and the 23- 
kv class circuit breakers had 150-kv BILS. Arresters were 
20 For stations having shielded overhead 
lines, lightning protection was based on the case of a 
backflash occurring 1 mile from the station, which resulted 
in a 700-kv 1.5 X 8 
To evaluate the required degree of 


shielded or unshielded. 


kv line-type. 


microsecond surge arriving at the 


station entrance. 


lightning protection for stations with unshielded overhead 
lines, a 10,000-ampere stroke having a 4,000-ampere-per- 
microsecond rate of rise was assumed to terminate at the 


station entrance. 


4 


One phase of the 24-kv station, shown in Fig. 1, was set 


up on the Anacom. The distributed constants of the bus 


structure were represented by pi-sections 


Each circuit breaker was represented by its bush- 


ing capacitance of 300 micromicrofarads per bushing and 
the transformer was represented by a 2,000 micromicro- 


farad capacitor. A low-voltage surge was applied repeti- 


tively to the computer circuit and resultant voltages at the 
terminals were measured by an oscillograph. 
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To verify the assumptions made in setting up an electric 
system on the Anacom, synchronograph field tests were 
made on the 24-kv station (Fig. 1). Surges were applied 
at the section breaker through a resistance equal in value 
to the surge impedance of the transmission line; voltages 
were measured at the line entrance LE, at the transformer 
TR, and at the end of the bus. Tests were made both 
with and without an arrester at the line-entrance position, 
and the circuit breakers were closed in sequence to show 
the reduction in surge voltage because of the multiple 
circuits. Duplicate circuit conditions were set up on the 
Anacom to obtain comparative data. The miniature 
system used in the Anacom gave results that agree closely 
with the synchronograph field tests. 


CONCLUSIONS 


1. Although low-voltage stations are compact and have 
high values of capacitance-to-ground, the high BIL of 
modern wood-pole lines permits high surge voltages to enter 
the station. 

2. The ratio of the line BIL to the equipment BIL is 
much higher in low-voltage systems than in higher voltage 
systems. Therefore, with no arrester in the station, the 
resultant surge voltages per unit of the equipment BIL at 
terminals are much higher in low-voltage stations. 

3. Connected lines cannot sufficiently reduce the surge 
voltages within the station, so that the station is inherently 
self-protecting without lightning arresters. Even with all 
nine lines connected, for the case of stations with shielded 
lines, the surge voltage at the transformer is more severe 
than the insulation strength of the 150-kv BIL transformer. 

4. For stations with shielded overhead lines, and with 
only one 20-kv line-type lightning arrester at LA-7 (Fig. 1), 
two or more connected lines are necessary to afford ade- 
quate protection to the station equipment. 

5. For stations with unshielded overhead lines and with 
only one 20-kv arrester at LA-7, four or more lines are neces- 
sary to provide protection for the station apparatus. 

6. With two arresters in the station at LA-7 and LA-2, 
the station is adequately protected regardless of the number 
of connected lines. 

7. From this and previous comparisons of field and 
miniature-system studies made on stations covering a 
range of voltage levels, it is concluded that when the 
dimensions and circuit constants of the station are accu- 
rately known, the results of miniature-system studies of 
circuit surge performance can be used with confidence 
in formulating the required lightning protection. 
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VHF Radio Link in the West Indies 


ROGER McSWEENY 
ASSOCIATE MEMBER AIEE 


HIS SYSTEM has been installed in the West Indies to 
connect the public telephone and cable services of the 
island of Puerto Rico with similar services in the nearby 
Virgin Islands. As shown in Fig. 1, there are two radio 
links, one of 69 miles from Sabana Llana, Puerto Rico to 
Crown Mountain on St. Thomas Island, and one of 45 
miles from Crown Mountain to Christiansted on St. Croix 
Island. The three radio stations are connected through 
cables to their telephone exchanges and telegraph offices. 
The Crown Mountain station is located at an altitude of 
The 
radio path from Crown Mountain to Christiansted is above 


1,550 feet while the other stations are near sea level. 


the horizon, but that to Sabana Llana is below the geo- 
metric horizon and barely above the “effective radio 
horizon”’ based on a 4/3 radius earth. Corner reflector an- 
tennas with a gain of 8 db are employed, and the radio fre- 
quencies are 152.57, 152.75, 157.83 and 158.01 megacycles. 

Frequency modulated transmitters with power outputs of 
25 and 100 watts, respectively, are used on the Christiansted 
and Sabana Llana links. 

The receivers are crystal-controlled double-conversion 
superheterodynes with automatic volume control, two limit- 
ing stages, and a discriminator. A transmitter and receiver 
together are capable of a system response-frequency charac- 
teristic that is flat to within 1 db from 200 cps to 20 ke with 
less than 1 per cent amplitude distortion and a 50-db signal- 
to-noise ratio per 3-kc channel. 

Spare radio equipment is installed at each location. Fig. 
2 shows the transmitting and receiving apparatus at one of 
the stations. 

In addition to a voice channel, three other channels are 
obtained through use of telephone- 
type single side-band carrier equip 
ments. The voice channel is trans- 
ferred at Crown Mountain from one 
link to the other by means of low- 
and high-pass filters to provide a 
direct circuit between St. Croix and 
Puerto Rico. The carrier channels 
are used for intercommunication be- 
tween adjacent islands. 

Standard telegraph carrier equip- 
ments with frequency shift keying are 
installed to subdivide one of the tele- 
phone channels into several printer 
channels. 


Digest of paper 55-751, ““VHF Radio Link Between 
Puerio Rico and the Virgin Islands,”” recommended by 
the AIEE Committee on Radio Communications 
Systems and approved by the AIEE Committee on 
Technical Operations for presentation at the AIEE 
Fall General Meeting, Chicago, Ill, October 3-7, 
1955. Published in AIEE Communication and Elec- 
tronics, January 1956, pp. 781-5. 
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Fig. 1. Map of system 

Over-all unweighted signal-to-noise ratio at the tele- 
phone switchboards, including noise contributions from 
lines, carrier equipment, radio apparatus and crosstalk is 
about 35 db. During the initial period of 18 months’ opera- 
tion that commenced in August 1953, commercial service 
has been maintained 99 per cent of the time between Puerto 
Rico and St. Thomas and 97 per cent of the time between 
Puerto Rico and St. Croix. Since that time, reliability has 
been further improved by correcting various minor faults 
in the installations. 

This service is much better than that provided by the 
former radio links between these islands which used sky 
wave transmission of amplitude-modulated frequencies of 
the order of 4 to 7 megacycles. 


Transmitters and receivers at Crown Mountain station 
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Evaluation of Radio Influence Voltages 


in Fluorescent Lighting Systems 


F.H. WRIGHT 
ASSOCIATE MEMBER AIEE 


The problem of radio interference caused by 
the proximity of fluorescent lighting systems 
Means of evaluating the effect- 
schemes are 


is discussed. 
iveness of noise suppression 


described. 


NY ELECTRICAL DEVICE whose operation pro- 
A duces a very rapid build-up or interruption of elec- 
disturbance that 
The commutator of a 
d-c machine represents a mechanical means of producing 
r-f power from electrical transients. A fluorescent lamp 
represents an all electrical voltage breakdown type of 
transient that produces modulated r-f energy. If no effort 
is made to confine this energy, nearby radio sets may experi- 
This article discusses 
primarily the radio influence voltages associated with 
commercial and domestic fluorescent lighting systems. 


trical energy Can Cause a may 


adversely affect radio reception. 


ence a poor signal-to-noise ratio. 


The principle subjects considered are 


1. The mechanism of r-f energy coupling between the 
lighting system and the radio. 

2. A test method that makes possible the assignment of 
an approximate numerical value to the probable radio in- 
fluence voltage of a fluorescent lighting system. 

3. A statistical means of critically evaluating the prob- 
able radio influence voltage of a fluorescent lighting system. 


COUPLING BETWEEN LAMP SYSTEM AND RADIO 


To cope with the unwanted radio frequency energy, it is 
necessary to consider the energy radiated directly from 
the lamps and fixture, the energy conducted to the radio 
directly through the power circuitry, and the energy 
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Fig. 2. Schematic 
diagram of series 


ballast circuit’ 
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radiated from the wiring that supplies the power to the 
lighting system. The latter energy is usually the most im- 
portant of the three components. Direct radiation from 
the lamps and fixture can readily be disposed of by stating 
that the radio antenna should be physically remote! (10 
feet is a conservative distance) from these objects, and the 
fixture should be properly grounded. The remainder of 
this article is concerned primarily with supply line radiation 
and radio influence voltages conducted directly to the radio. 
They are so interlinked it is unnecessary to treat them sep- 
arately. In some cases, it may be necessary to consider 
the possibility of radiated energy from the lamps coupling 
with the wiring and then reradiating from the wiring. 


MEANS OF EVALUATING SUPPRESSION 


IT IS VERY IMPORTANT to realize that the power wiring to 
the ballast, normally thought of as a two-wire system, is 
in reality a three-wire system at radio frequencies, as 
shown in Fig. 1, the third conductor being ground. In fact 
if one neglects the ground circuit, he neglects, as will be 
shown later, practically the whole radio noise problem. 
This is true whether the lighting fixture and ballast case 
are grounded or ungrounded. ‘The noise evaluation scheme 
presented here considers indirectly the line-to-line circuit, 
and emphasizes the line-to-ground circuits. 

A radio noise meter? is useful for indicating the existence 
of radio influence voltages across various terminals in a 
fluorescent lighting system. ‘These voltages are caused 
by the capacitive coupling between the various ballast coils 
and case. Fig. 2 shows the schematic circuit diagram for a 
series two lamp ballast. To illustrate how capacitive 
coupling to case might cause line-to-ground voltages, Fig. 3 
shows a crude lumped-constant r-f equivalent circuit for the 
ballast of Fig. 2. It is not intended to be an accurate 
description of the r-f circuit. 
with frequency and contains inductive as well as capacitive 
coupling between coils. For the purpose of description, the 
intercoil capacity and the coil to fixture capacity are 
assumed to result in a wye connection of three capacitors. 


Actually, the circuit varies 


However oversimplified this r-f equivalent circuit may be, it 
does serve to help visualize the effects of grounding various 
parts of the system. 
is associated with the ground loop circuit by its capacity 
to ground. Therefore, grounding the fixture (shorting C,) 
may significantly increase the effects of conducted noise 


For example, an ungrounded fixture 


because the capacity to ground is short-circuited, decreasing 
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the loop impedance and resulting in 
increased r-f currents in the loop. 
Even though the line-to-ground volt- 
ages occur by devious means, they 
The 


are of primary importance. 


Table L. 


Typical Data of New Lamps as a Function of Time 


All data in microvolts, and given as the average of the two line-to-ground readings 


same 96772 lamps were used throughout these tests 


(Tests taken over '/, hour or longer intervals) 





ground loop, because it has more 


area, represents a more effective radi- Line A 
ating loop antenna than does the ae ass 


loop between lines. Furthermore, 


if both line-to-ground voltages are 
negligible, the line-to-line voltage is 
automatically negligible, since the 
sum of the three must equal zero. 
For these reasons, the test procedure 
about to be described considers only 
line-to-ground voltages. 

An important stumbling block in 
a radio influence voltage evaluation 
of this kind is the variability of the r-f 
properties of the fiuorescent lamps. 
Five-to-one changes in radio in- 
fluence voltages in a short period of 
time may be expected.* In compar- 
ing different filtering schemes on a 
given ballast, these variations are not 
a serious problem as long as the sup- 


pression devices can be introduced 


and removed in such a way that the 


fe} 
| 
| 


lamp behavior can be observed at all 
times. Several trials readily pro- 
duce a fairly good measurement of wig. 5. 


the attenuation introduced by the 
suppression scheme, provided that 
the lamps have not changed. 
When the filtering is built into the ballast, the problem 
One 


solution is the introduction of a stable noise source to replace 


of determining the attenuation is more formidable. 
the lamps. However, this is a scheme that can yield un- 
realistic results. If the lamp noise output varies in the 
laboratory, it will also vary in practice and should be con- 
sidered. Furthermore, it is difficult to reproduce the charac- 
teristics of the lampsexactly. The capacitive and inductive 
coupling to ballast leads and the fixture should be the same 
and the variable generated energy and internal impedance 
of the lamps should be duplicated as they normally occur. 
All of this is awkward to accomplish or to neglect justifiably 
especially since neither is necessary. A reasonably suc- 
cessful solution to this problem is to compare the ballast 
This 
is done by rapidly switching the lamps from reference to 
test ballast and comparing the line-to-ground voltages. Asa 
comparison figure, the ratio of the average line-to-ground 
voltages of the two ballasts, expressed in db, is used. 
Expressed mathematically the comparison ratio in db equals 
20 logio Vr/Vpz, where Vp is the average line-to-ground 
voltages of the test ballast and Vp is the average line-to- 
ground voltage of the reference ballast. 


to be evaluated with a reference ballast or condition. 


The average in- 
cludes readings from both lines to ground. Several sets 
of reading should be considered for each frequency eval- 


uated. The NEMA (National Electric Manufacturers 
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Descriptive circuit diagram of a series ballast at radio frequencies 


Association) 600-ohm network? or some other reference 


may be used to simulate the r-f power line impedance. 


EVALUATION OF PROBABLE FIELD PERFORMANCE 
The 


lamps with time, and between lamps, appears to be nearly 


variation of the r-f characteristics of fluorescent 


random in nature. That it is not purely random was in- 
dicated first by the fact that interference complaints could 
sometimes be solved by replacing old lamps. A study of 
several lamps over a long period of time was made to 


In this 
Che 


evaluate statistically the variation of r-f energy. 
study the system of comparison described was used. 
reference ballast had 0.01-microfarad capacitors across each 


lamp it supplied. The test ballast contained no suppres- 


‘ 


sion except for the data summarized as “suppressed” under 


test condition. All the data was observed about 10 seconds 
after the lamps were switched from one ballast to the other, 
in order to avoid transient effects caused by the switching 
Readings were taken at three frequencies—600; 1,000; and 
1,500 kc—to cover the spectrum of commercial ampli- 
The data was 
The 
data of Table I is a typical sample of long time intervals. 
Each of these pieces of data represent the average of three 
short interval pieces of data. 


tude modulated broadcasting frequencies. 
grouped into two time intervals, a short and a long. 


The long interval had a dura- 
tion of a half hour to two hours. The short interval was 


about one minute. The long time interval was not stated 
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COMPARISON RATIO IN db 


Fig. 4. Compari- 

son evaluation of a 

48-inch fluorescent 

, I 7 lamp system (with 

Be g g 8e | 0.01-microfarad ca- 

= pacitor across each 

lamp in reference 
system) 


NO SUPPRESSION ON 
TEST BALLAST 
TEST BALLAST 


specifically inasmuch as the data was to be taken at random. 

Table II summarizes the information obtained from an 
investigation of the variability to be expected in the compar- 
ison ratio due to lamp variation. These data represent 
information on seven sets of 96772 fluorescent lamps. Of 
the 123 pieces of data taken at each frequency, 21 were 
associated with very noisy lamps near the end of lamp life. 
These lamps actually failed during the test and, as shown by 
the standard deviation of all lamps compared to new lamps, 
they increased the observed variability.‘ It is evidently 
advisable to use new lamps in this comparative test. There 
is also a definite indication that the suppressed (0.01 
microfarad) lighting system exhibits less variation than the 
unsuppressed system. 

The data of Table II indicates that with a confidence 
limit of two standard deviations, 95 per cent of all observa- 
tions taken over a short period of time will fall within + 6.2 
db at 600 ke, + 7.4 db at 1,000 kc, and +10 db at 1,500 kc 
of the average comparison ratio with no suppression on the 
test ballast. However, using an average of five readings 
taken over a period of one day, the spread expected by 
chance is + 2.8 db at 600 kc, +3.3 db at 1,000 kc, and +4.5 
db at 1,500 ke with the same degree of confidence. The 
lamps are left on for the whole day of testing. 

In this way, a comparative test for radio frequency 
suppression of fluorescent lamps has been made quite 
accurately. If ballast filter- 


ing scheme that has given satisfactory field perform- 


one can establish a and 


ance, he can state from the statistical analysis given that 
any new ballast must have average conducted noise volt- 
Table II. 


Statistical Summary of Data on Fluorescent Lamp 


Variation 





Average Ratio in db Standard Deviation in db 


600 ke 








Test Condition 1,000 ke 1,500 ke 


600 ke 1,000 ke 1,500 ke 





New Lamps 23.6 22.3 
All Lamps 23.4 23.7 
1 


Suppressed * —4.2 


3.1 
2 3 
a 


*0.01-microfarad capacitors across each lamp in both the test ballast and the reference 
ballast. For all other data, only the reference ballast was suppressed with 0.01-micro- 
farad capacitors 

db =20 log V7r/VrR 

V7 = Average line-to-ground voltages of the test ballast 

Vr = Average line- to-ground voltages of the reference ballast. 
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ages less than 5 db above the selected standard at each of 
the frequencies mentioned. In fact, it would be fairly safe 
to require only a 600-kc reading and a maximum ratio of 
+3 db for a satisfactory limit. 

Fig. 4 shows a plot of additional data taken on 48-inch 
fluorescent lamps. The graph on the left compares two 
similar ballasts, one (the reference) with 0.01-microfarad 
capacitors across the lamps and the other with no suppres- 
sion. In the right hand chart, the test ballast has a 0.1- 
microfarad capacitor across the line. The spread in the 
short-time readings is indicated by the length of the vertical 
lines. The average of five of these readings is shown by a 
short horizontal line. The average data for the test ballast 
suppressed by a single 0.01-microfarad capacitor across 
the line falls within the 5-db limit established by the 
previous investigation. Therefore, the new suppression 
scheme is in this case adequate. The spread in the data 
shown in Fig. 4 for short-interval readings falls within the 
spread for these readings established by the 95 per cent 
confidence limit of the data of Table II. 


CONCLUSIONS 


THE APPARENT Way to filter high-frequency power from a 
system is to shunt the power through a low impedance to 
ground. As a general procedure on fluorescent lamp in- 
stallations, it is questionable. 
come a nebulous quantity. 


Ground can frequently be- 
Private homes may be partic- 
All the data the authors 
have observed suggest that the use of capacitors across the 
lamps is the most reliable means of internal ballast suppres- 
sion. For this reason measurements have been made using 
systems with capacitors across each lamp as references. 
In addition to reducing and stabilizing conducted noise, 
capacitors across the lamps may reduce direct radiation 
from the lamps and fixture by as much as 25 db. 

A comparison scheme may successfully fill the present 
void in general methods of evaluating the conducted noise 
potential of a fluorescent lamp and ballast system. By the 
application of elementary statistics, it is possible to make 
quite effective evaluations. The suggested filtering scheme 
for the reference is the application of 0.01-microfarad capac- 
itors across each lamp in the system. 


ularly troublesome in this respect. 


In specifying a 5-db limit on the difference between a 
filtered ballast and a reference ballast, it was assumed 
that the variance of a filtered system will not be greater 
than the variance of the unsuppressed system. It has been 
shown that the filtered variance is sometimes less than the 
unfiltered ballast. 
detected. 


To date greater variance has not been 
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Use of Proportional Counters in X-Ray Diffraction 


H. R. LAIRD 


N X-RAY DIFFRACTION, the data are obtained by 
measuring the intensities diffracted at any given angle 

from asample. Inasmuch as the intensities to be measured 
are often extremely low, the Geiger counter has been 
used as the measuring device because of its great sensitivity. 
Because of the shortcomings of the Geiger counter, several 
authors, notably Lang and Knowles, have reported on 
results with the proportional counter replacing the Geiger 
tube. They used a cylindrical tube with concentric 
anode wire, with the X-ray beam entering a side window 
and passing perpendicular to the axis of the cylinder. In 
recent work at General Electric, both a tube similar to 
theirs and also a rectangular tube with an anode grid 
and parallel plate construction have been used. 

A counter tube with quench can be operated either as 
a Geiger or proportional counter. If the voltage is lowered 
below the Geiger region, the tube operates as a proportional 
counter. However, for proportional operation, the quench 
is not needed. The elimination of the quench renders 
the tube characteristics independent of temperature a very 
desirable feature. 

The output pulse of a Geiger tube is of the order of a 
volt, while the pulse from a proportional counter is in 
the microvolt range. Hence a preamplifier with a gain of 
about 100,000 was used. In measuring X-ray intensity 
with a counter tube, the average pulse rate is obtained 
from a rate meter and the exact number of pulses in a 
given interval is measured with a scaler. The number of 
counts per second (cps) is a measure of the X-ray intensity. 

To illustrate the counting rates obtainable with a pro- 
portional counter as compared to a Geiger tube, consider 
Fig. 1. Here the log cps is plotted against the number 
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M. J. ZUNICK 


of nickel filters in the X-ray beam. Since the absorption 
curve is exponential, this relation should be linear. The 
same tube was operated both as a Geiger and then pro- 
portional counter, with results shown in curves 1 and 2 
respectively. For Geiger operation the losses are 30 
per cent at 10,000 cps, while for proportional operation 
the losses are only 15 per cent at 100,000 cps, and 1.5 


per cent at 10,000 cps. This means an improvement of 
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Fig. 2. Efficiency versus wavelength 


20 times in reduced losses at 10,000 cps for proportional 
operation. An important characteristic of counter tubes 
is their efficiency, meaning the percentage of the X rays 
converted tocounts. In Fig. 2 are shown data on efficiency 
versus wavelength for two rectangular proportional 
counters filled with argon and krypton (curygs 1 and 2, 
respectively) and a cylindrical counter filled with xenon 
(curve 3). The reason for the sharp rise in the krypton 
curve is the absorption edge for the gas at 0.860 Angstrom 
units. The krypton tube is about 8 times as efficient for 
silver radiation as the argon tube. 

In summary, the advantages of the proportional counter 
over the Geiger counter are: 


1. At least 1,000 times longer life 
2. Elimination of temperature shift of plateau by 
elimination of quench. 
3. Reduction of losses at 10,000 cps by a factor of 20. 
4. Use of a tube which cannot be damaged by over- 


voltage or excessive X-ray intensity. 
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Conversion of Studio Lighting 


for Color 


Fs 


Station WBAP-TV in Fort Worth has converted 

its studio lighting to permit color telecasting. 

The problems encountered and their solutions 
are outlined. 


HE CONVERSION from black-and-white to color 
of yore introduces numerous lighting problems. AI- 
thoughsome of the problems are common to all stations, 
others will be different at each individual station; for ex- 
ample, the problems of integrating a new lighting system 
with the old installation, the type of programming an- 
ticipated, the personnel available, and the ever-varying 
budget. This article describes the particular needs of Sta- 
tion WBAP-TV, Fort Worth, Tex., and how these needs 
were met. 
ORIGINAL EQUIPMENT 
THE sTupIOo to be converted was constructed in the sum- 
mer of 1948 (Fig. 1). 
wide, and 28 feet high. 


The studio is 82 feet long, 45 feet 

A pipe grid is mounted 20 feet 
This grid is constructed of 1!/4-inch 
galvanized pipe arranged in 7-foot squares suspended from 
the ceiling. A 3-foot catwalk, 14 feet above the floor, runs 
around the two sides and one end of the studio. 


above the floor. 


The lighting fixtures and control equipment in use just 
before the conversion to color were essentially those pur- 
chased and installed in Fig. 2. Each 
fixture contained 12 lamps of which 
6 were type PAR-38 floods and 6 
6R-40 


circuits were used to supply power 


were type floods. Separate 


to the two types of flood lamps. 
The PAR “lamps were used for 
modeling whereas the R-40 lamps 
were used for fill light. Each fixture 
was designed to permit to adjustment 
in azimuth and elevation. A 360- 
degree turn plus tilt adjustments 
were made by means of cords running 
to a centrallocation. Similar turn 
and tilt adjustments were provided 
The fluor- 
escent fixtures each contained six 64- 
Back light was 
provided by Fresnel “spots” which 
were mounted on the catwalk rail. 


for 15 fluorescent fixtures. 


inch slimline tubes. 


Full text of paper 56-76 presented at the AIEE 
Winter General Meeting, New York, N. Y., January 
30-February 3, 1956, and recommended for publica- 
tion by the AIEE Committee on Television and Aural 
Broadcasting Systems 
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Television 


WYGANT 


Then 2-kilowatt spots and ten 750-watt spots were in use. 

The total wattage from all fixtures amounted to 62 
kilowatts, or approximately 18.5 watts per square foot. In 
1948 and 1949 it was the practice to provide 200 foot 
candles for use with the 5655 image orthicon tubes. With 
the fixtures then available, it was not possible to provide 
200 foot candles around the four walls of the studio. How- 
ever, by means of the turn and tilt controls, the light could 
be concentrated on any two or three areas in use at any one 
time. Later, with the development of the more sensitive 
5820 image orthicon pickup tube, only 100 foot candles 
of studio lighting was required. A 100 foot-candle illum- 
ination could be provided uniformly for any area in the 
studio without turning fixtures. 


ORIGINAL LIGHTING SWITCHBOARD 


THE SWITCHBOARD was designed to handle 140 separate 
circuits, with 140 silent-type mercury switches being used 
to control remotely a similar number of relay contactors. 
Each switch was rated at 10 amperes, and the load contac- 
tors handled the load current of 20 amperes. One relay 
load contactor was used for each load receptacle. 
load circuit was provided with a 20-ampere breaker. The 
load contactors were fed from two 200-ampere main 
breakers in the power feed. 


Each 


WBAP-TV studio showing original lighting equipment 
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With the advent of the type 5820 image orthicon tube 
there was a lessening of the infrared problem noticeable 
with the earlier types of pickup tubes. At this stage, a 
dimmer board of 12-kilowatt capacity was constructed and 
placed into operation. It was used only by those desiring 
very special lighting effects, since its operation necessitated 
the running of extension cables along the grid from the 
dimmer to the fixture. Therefore, a great deal of ladder 
work was required for dimmer effects. In fact, the main 
objection to the control switchboard by the operating per- 
sonnel was its position on the catwalk 14 feet above the 
studio floor. The load contactors were subject to sticking, 
thus leaving the circuit continually hot until someone filed 
or replaced the contact points. Fig. 3 shows the location 
of the original switchboard on the catwalk. 


AIR CONDITIONING 


As IT IS WELL KNOWN, the summers of Texas are not noted 
One of the first problems at WBAP-TV 
was the disposal of the additional heat to be generated by 
the increased lighting load. <A heat exchanger was built on 
the roof of an adjoining building with connecting ducts feed- 


for being mild. 


ing into one end of the studio. Two 100-ton compressor 


units were already in use. One 60-ton compressor unit 
was added to the existing chilled-water lines which were 
Additional ducts were 
added above the grid in the studio. The new studio air- 
conditioning capacity was almost doubled over that of the 


existing installation. 


extended to the new heat exhaust. 


PRIMARY POWER 


THE Texas 
Electric Service Company and had a 450-kva capacity. 


SUBSTATION in use in 1954 belonged to the 


The three transformers in use were purchased from that 


company. Three similar 150-kva transformers were added 
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View from catwalk showing original lighting equipment 


to the transformer bank to give a total of 900-kva installed 
capacity. The total load was not expected to be doubled, 
but it was felt that the reserve power capacity would suffice 
for possible future needs. When the new transformers 
were installed, the complete substation was purchased from 
Texas Electric. It appeared to be an economical 
move to purchase the substation since the saving in power 
costs would pay for the transformers within approximately 
six years. 

In the basement power vault, a new 150-kva transformer 
was added to the secondary bus. Fortunately, there was 
space to fit the new transformer in the same room with two 
similar 150-kva transformers already in use. The 
transformer feeds 120—208 volt, 3-phase, 4-wire service to a 
400-ampere main breaker. The second transformer feeds 
two 200-ampere breakers, one of which is the main for 
lighting in another television studio. 

The utility furnishes primary power on its lines to the 
property line where it is metered ata common point. Then 
by WBAP lines, primary power is sent to the transmitte1 
building for air conditioning and transmitter power. 
the substation at the main building, service is provided to 
to the air conditioning compressors, heat exchangers, 
motors, and equipment requiring 440-volt service. The 
secondary bus feeds a 50-kva transformer serving the build- 
ing and film laboratory needs; a 100-kva transformer for 
radio studio equipment; a 150-kva transformer for regu- 
lated power to the television equipment; 
former serving a 200-ampere main breaker to studio 2 
lighting; 


new 


From 


a 150-kva trans- 


and a 200-ampere main breaker to the studio 1 
dimmer circuit. There are twelve 50-ampere sub-breakers 
The last 150-kva transformer the 


secondary bus feeds the 120-208 volt, 3-phase, 4-wire service 


on this circuit. on 
to the nondim circuit on the switchboard in studio No. 1 
There are, of course, many other circuits fed from the 

secondary bus transformers; for in- 
stance, a circuit to provide power to 
the remote truck for adjusting equip- 
ment while the truck is parked in the 


garage. 


NEW LIGHTING SWITCHBOARD 


THE NEW STUDIO SWITCHBOARD 
has capacity of 1,800 amperes. 
The nondim circuit contains 400- 


and 


a 
Ui 


ampere main fuses a main 
switch. There are twelve 100-am- 
pere sub-breakers. The dim circuit 
contains 200-ampere main fuses and 
a main switch. There are twelve 
50-ampere sub-breakers each feed- 
ing a 55-kw Ward Leonard Autra- 
Master and submaster 
handles 


stat dimmer. 
dimmer control 
vided. 
**Rotolector”’ switches are used in 
the new switchboard. A rotolector 
switch a convenient of 
to 


are pro- 


is 
cross-connecting 
supply 


means 


a load circuit 


any circuit. Twenty-four 
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Fig. 3 (left). Original switchboard. Fig. 4 (right). 


corresponding to the 24 subcircuits— 
In all, there are 140 20-ampere 
and ten 50-ampere units, each with a breaker and pilot 


light. ‘Twelve ammeters across the top meter the dimmer 
circuits to allow the operator to load the dimmers to their 


rotolectors are used 
12 dim and 12 nondim. 


The switchboard and rotolectors are on a 
platform elevated 3 feet above the studio floor. 


full capacity. 
The valua- 
ble studio floor space lost is offset by the convenience of a 
nearby location (Fig. 4). A tremendous saving in power 
With the new 


lighting load it would be a great waste to have nonessential 


has been realized from this new location. 


lamps burning. The new switchboard location makes it prac- 

tical to keep the lights off unless in actual use. The turn and 

tilt controls were moved with the switching to the platform. 
LOAD CIRCUITS 


UNDER THE OLD SYSTEM the load circuits were fed from 
the relay contactors into the studio in 4-inch square ducts 


Fig. 5. 
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New lighting layout, showing switchboard at right 


New switchboard, showing dimmers at left, rotolector switches at right 


with hinged covers. There was a total of 120 twist-lock 
receptacles in connecting boxes. Fortunately, there was 
plenty of space in these ducts to accommodate additional 
wiring. The load wire to each receptacle was disconnected 
from its relay terminal, lengthened, and connected to its 
proper rotolector terminal, thus utilizing most of the 
existing wiring and all of the existing receptacles. Under 
the old system a separate neutral wire was connected to 
three receptacles. It was necessary to add neutrals so that 
the neutral of each receptacle was individually fed back to 
the rotolector board. ‘Twenty additional 20-ampere twist 
lock and ten 50-ampere pin type receptacles were added to 
these ducts above the grid. 


NEW FIXTURES 

THe 18 TELEVISION ASSOCIATES INCANDESCENT BANKS in 
use since 1948 were retained. These continued to use both 
PAR-38 and R-40 type lamps on separate circuits and re- 
tained their turn and tilt controls. 
The 15 slimline fluorescent fixtures 
were taken down—not because of 
any adverse experience with the light 
quality, but because of their physica! 
size and space limitations (Fig. 5). 
Fifty 18-inch scoops were added, 
each using 2-kw clear PS-52 general 
service lamps. Eighteen 
were hung on individual panta- 
graphs. To make it possible to 
lower these scoops to eye level the 
pantagraphs were installed on a 1- 
inch pipe grid suspended 3 feet be- 
low the permanent grid. The re- 
maining 32 scoops were hung on 
pendant clamps with a 4-foot height 
adjustment. These in turn 
hung in pairs from turning spindles 
similar to the turning devices on 
the Television Associates telelights. 
These we made up from spare parts 
and 3/4-inch pipe. Thirty 8-inch 
Fresnel spots were added for back 


scoops 


were 
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and key lighting. Two-kilowatt 
G-48 mogul bipost lamps are being 
used in these spots. For special 
effects, five 16-inch Fresnel spots 
using 5-kilowatt mogul bipost 
lamps were added. For similar use, 
six 6-inch strips each containing 
twelve 150 watt R-40 spat lamps; 
two 750 watt boom lights; and two 
8-inch, 2-kilowatt pattern projectors 
were added. There is now 60 watts 
per square foot as compared with 
18.5 previously used. (See Fig. 6). 


CONSIDERATIONS 

WERE SEVERAL considera- 
tions which prompted the types and 
number of the 
equipment, and the method of in- 
stallation. 
cally feasible to scrap the invest- 

ment in the telelight incandescent 

12 lamp banks. Although these fix- 

tures are old and the light output not as controllable as 
sometimes might be desired, they do put out a large 
quantity of light, one of the essentials for color lighting. 
Therefore, the first consideration was the integration of the 
incandescent fixtures at least, if not the fluorescent fixtures, 
with the new lighting system. 


THERE 


fixtures, control 


First, it was not economi- 


The second consideration was the programming. It 
was planned to start from the first with 5'/2 hours per 
week of live studio programs. This made it advisable to 
provide one end and one side of the studio with 400 foot 
candles of light at any onetime. Further, it was considered 
desirable to be able to swing the light quickly from one 
side of the studio to the other during a program. It works 
this way in actual practice: Scene 1 is along the west wall— 
when scene 2 is on the air from the south end of the studio, 
the lights can be readjusted from the west side over to scene 
3 along the east wall, by one man. This leads to the third 
consideration—that no additional personnel would be 
added to the staff to take care of the lighting. One man is 
responsible for the lighting and lighting equipment main- 
tenance. This man has other duties, but before and during 
the color shows he devotes his entire time to lighting. This 
is the reason as many fixtures as possible have turn and tilt 
adjustments controllable from a central location. 

The next consideration involved accurate intensity con- 
trol. It was desired to light all sets with a uniform light 
level of 400 foot candles plus or minus no more than 25 foot 
candles. Lighting effects, particularly those involving 
dimming, have always been important to this station and it 
was desired to continue or even expand the use of effects. 
To make the lighting as uniform as possible as well as make 
possible any effects the directors would like to try, the 
rotolector board and the dimmers were included in the 
plans. A new control system was necessary in any Case, 
it was physically impossible to expand the old switchboard 
and relay system to carry the additional load, even if any- 
one had desired to continue the old system. 
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Fig. 6. New lighting layout 


An extremely important consideration was the budget. 
The management was, of course, willing to spend the 
amount necessary to provide a good color picture. Some 
effects fall under this category, but large numbers of fancy 
gadgets and accessories do not. 

We are never completely satisfied with what we have— 
there are always new things on the market, or changes, or 
expansions to consider. As soon as funds are available, 
plans call for conversion of another studio, 30 by 40 feet, 
from black and white to color, as well as additional spots 
for use as back light in the large studio and possibly sub- 
sequent conversion to pin-type cable connectors. 


Cigarette Lighters Ordered for USAF 


The common auto dashboard cigarette lighter has 
invaded the realm of electronic warfare, as a built-in part 
of a complex mew ground-based United States Air Force 
air defense system in development here. 

The lighter has a distinctly scientific purpose in the 
complex, classified electronic equipment being built under 
a multimillion-dollar contract by General 
heavy military electronic equipment department. 

Engineers say an operator, scanning the system’s glowing 
indicator radar scopes for hours in semidarkness, could be 
temporarily blinded by the flare of a match or pocket 
lighter when lighting a cigarette. Furthermore, his hands 
must be free to work the dozens of knobs, switches and 
buttons on the control panel. 

Accordingly, the built-in lighter was ordered as part of 
a “human engineering” program, to keep the operator as 
undistracted as possible. 


Electric’s 


Conversion of Studio Lighting 





A Modern D-C Network Analyzer 


H. HOFFMAN 


MEMBER AIEE 


i iiapew D-C NETWORK ANALYZER described is a 
new version of a device which, although it has been 
utilized for 40 years, is still useful. The d-c network ana- 
lyzer has three important advantages over the a-c network 
analyzer, which it resembles: 

1. Solutions are obtained more rapidly. 

2. Less training is required for operating personnel. 
3. The equipment is considerably less expensive. 


These advantages are a result of the inherent simplicity 
of scalar representation of an a-c circuit. Although this 
simplicity is obtained with some loss in accuracy, experience 
shows that the results are entirely satisfactory for many 
power-flow and short-circuit problems. A modern d-c 
network analyzer costs about a tenth as much as an a-c 
network analyzer with the same number of line units. Thus 
both an a-c network analyzer and a d-c network analyzer 
can be made available for a relatively small increment over 
the cost of the a-c analyzer only. Co-ordinated use of the 
two analyzers will produce about twice the useful results 
of either one alone. 

The new analyzer consists of two self-contained sections, 
one of which is shown in Fig. 1. Each master console con- 
tains 150 line units, 25 constant-current load units, the 
instruments, the unit-selection switches, a ground-point 
selection panel, and the power supplies. Each connection 
unit contains the terminating plugs of the corresponding 
line and load units, 750 jacks for forming these units into 
the network to be studied, 50 jacks representing generators, 
and 30 ground jacks. The ground jacks are connected 
through two switches (15 to each switch) by means of which 
they can be disconnected from each other and from ground. 


Each connection unit also has 10 jumpers, which can be 


Fig. 1. 


console and connection unit 


One section of d-c network analyzer showing master 
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keyed to the instruments, and 20 tie busses, which terminate 
on the connection unit of the other section. 

The most unusual feature of the analyzer is the relatively 
small voltage and current bases adopted, 20 volts and 0.2 
milliamperes. This feature tends to minimize size, weight, 
and heat dissipation. It also makes possible a self-protect- 
ing analyzer, without the necessity of having fixed resistors 
in series with the jacks representing generators. 

The problem of measuring the small voltages and currents 
chosen was solved by the use of a rugged microammeter of 
1/4-per-cent accuracy. The movement employs no jewel 
supports, the bobbin being suspended by a pair of bifilar 
wires at each end. ‘The lack of friction results in a move- 
ment that requires low power for its operation, even with 
high speed of response. Consequently a low-resistance 
microammeter and a high-resistance voltmeter are possible. 

The low base current and voltage make possible the use of 
compact rheostats for line units. Although these units 
have nominally a 1-per-cent tolerance, very few units actu- 
ally use the full tolerance. The small size of the line units 
makes it possible to array 150 3-decade units within easy 
reach of the operator. 

The constant-current load units, which consist of a highly 
degenerated triode with a variable grid bias, are an impor- 
tant means of speeding up load-flow studies. These units 
maintain current within 0.2 per cent throughout a load 
bus voltage range from 50 to 150 per cent. 

A major innovation is the use of a separate grounding 
panel, located on the master console. One end of each 
unit is internally connected to the panel. By plugging the 
ground cord on the master console into the proper jack, a 
ground on any point in the system can be obtained, thus 
simplifying short-circuit studies. The grounding panel 
and voltage-difference cord are used to measure the voltage 
difference between any two points in the network. 

Each unit is connected to the instrument system by means 
of a telephone-type lever key switch, each switch being 
associated with a line or load unit. In addition to pro- 
viding for the measurement of voltages and currents through 
out the network, the instrumentation is so arranged that 
the ammeter can be switched to indicate directly individual 
circuit breaker duties. 

The main power supply is designed to eliminate the fre- 
quent adjustments ordinarily required by changes in fault 


Meas- 
urements at 100 per-cent voltage show a regulation from 0 


location or by other changes in system parameters. 


to 10,000 per-cent load of 0.04 per cent and an 8-hour drift 
of +0.025 per cent. 


Analyzer operation has been very 
satisfactory, with an over-all error of less than 1.5 per cent. 





Digest of paper 56-20, recommended by the AIEE Committee on Computing Devices 
and approved by the AIEE Committee on Technical Operations for presentation at the 
AIEE Winter General Meeting, New York, N. Y., January 30-February 3, 1956. 
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Sequence Impedances of 


Transformer Connections 


B. A. COGBILL 


FELLOW AIEE 


N THE GENERAL APPLICATION of the method of 

symmetrical components to the solution of 3-phase 
problems, 3-phase circuits are resolved into three single- 
phase circuits, one for each of the sequences, positive, 
negative, and zero. 

Sequence circuits of 3-phase transformer connections are 
usually derived by making full use of concepts which have 
Such 
procedure has been found to yield correct results in all of 
the Therefore, 


been developed from a single-phase point of view. 


more common Cases. there is a strong 
temptation to generalize by assuming that the procedure is 
applicable to all 3-phase transformer connections. —To make 
such an assumption, however, is a mistake and can lead to 
incorrect results; the concept that all mutual impedances 
are bilateral, which allows the single-phase problem to be 
greatly and beautifully simplified, is not completely applica- 
ble to the derivation of the sequence circuits of all 3-phase 
Apparently, this fact and its 


implications are not generally recognized. 


transformer connections. 

Shown diagrammatically in Fig. 1 are the terminals of a 
3-phase multicircuit transformer connection having any 
number of terminal sets, each of which consists of three line 
terminals and a neutral terminal. The diagram is not in- 
tended to give any hint as to how the transformer windings 


are connected. In fact, the cores and coils may be con- 


a Fen 


—— 


Tait Tpi, 


Al Bl 





Fig. 1. Terminals 
of multicircuit 3- 
phase transformer 


connections Cn Nn 
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structed, arranged, and connected in any conceivable man- 
ner provided that 


1. Positive- and negative-sequence magnetizing cur- 
rents can be assumed to be negligible. 

2. There are no internal short circuits to positive- and 
negative-sequence currents. 
3. The connection posse.ses 3-phase symmetry which is 
defined as follows: A system of impedances possesses 3-phase 
symmetry if positive-sequence current in the system or any 
part thereof produces only positive-sequence potential dif- 
ferences between any two points of the system; negative- 
sequence current produces only negative-sequence poten- 
tial differences; and zero-sequence current produces only 
zero-sequence potential differences. 


The criteria for 3-phase symmetry can be completely ex- 
pressed in the form of the equations 
Z anak = Z ner = Zcnck 
Z ansk = Z pack = Zchak 
Z anck = Z hak =Z chek 
in which Z4j4x is the mutual impedance between the in- 
ternal circuit which connects terminal Ah to NA and the in- 
ternal circuit which connects Ak to Nk. Similarly, Z4nzx is 
the mutual impedance between circuits Ah to Nh and Bk to 
Nk, etc. 
impedance of the circuit Ah to Nh; A and k are general 


If hk = k, Zanax becomes Zanan, Which is the self 


general terminal set identification subscripts. They may be 
ay Se, eee 

The theoretical analysis based on the general connection 

of Fig. 1 and the three assumptions listed leads to a number 


of conclusions among which are: 


1. In general, the necessary and sufficient number of in- 
dependent impedances required for specification of the 
positive- or negative-sequence impedance characteristics of 
a symmetrical 3-phase transformer connection is (n — 1)’, 
where n is the number of terminal sets. 

2. For zero-sequence, the necessary and sufficient num- 
ber of impedances is n(n + 1)/2. 

3. Single-phase impedance tests between all possible 
pairs of terminal sets will not, in general, give sufficient infor- 
mation for specification of the positive-sequence impedance 
characteristics of a multicircuit transformer connection. 

4. Itis possible that multicircuit transformers with phase 
interconnections may not operate satisfactorily in parallel 
even though all of the usual criteria for satisfactory parallel 
operation of transformers are satisfied perfectly. 





Digest of paper 55-671, “Sequence Impedances of Symmetrical 3-Phase Transformer 
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NOTES IN 


Article on the 
Challenge of Prize Papers 


A. Rubin entitled “Prize 
Paper Contest’? was in the December 1954 issue of the 
Moore School Record. ‘This is a publication by the electrical 
engineering students of the University of Pennsylvania. 
Each year, the Moore School Joint Student Branch of the 
AIEE and Institute of Radio Engineers (IRE) encourages 
every student to participate in the Prize Paper Contest. 
Up to now participation has been very poor, although many 
people have tried to help students get started and have 
encouraged them to investigate a subject which would lend 
itself to a fine paper. These people are, as always, ready to 
help the student select a project, find space to do the re- 
They will 


The following article by L. 


search, and finally, help him write his paper. 
not do the work for the student. 

Writing a paper does not necessarily require laboratory 
work. In fact, the paper does not have to be about an 
original subject but may be about a subject done a thousand 
times before. The only requirement is that the approach 


be novel and fresh. 


There are many subjects which one 
may want clarified. The student should study one such 
subject at length and then write a paper on it, making it 
the shortest, most coherent, well-organized paper possible. 
[his may take a dozen or so rewrite attempts. But it is 
worth all the trouble because the experience of writing such 
a paper and presenting it to a class is extremely valuable. 
Prospective employers and others in the field will be inter- 
ested in activities of this nature. 

[here are many minor research projects available. The 
student’s advisor will be able to help him find one or to 
direct him to someone else. If he really gets lost and can 
find no one to help him, he may contact Dr. E. I. Haw- 
thorne at the Moore School of Engineering, University of 
Pennsylvania, Philadelphia 4, Pa. Dr. Hawthorne will 
help the student in respect to writing the paper, doing the 
research, or even finding a good topic. 

The importance of writing a paper of the nature de- 
Industrial concerns 
today require their engineers to deliver their papers in 
front of the assembled staff as a time-saving expedient. 
Sooner or later one must learn to write a good, presentable 
research paper. It might just as well be done several times 
under the easiest and least painful conditions available for 
this sort of thing. Fellow students and instructors are much 
more sympathetic to shortcomings than an employer. 

In presenting the paper, it might be helpful to prepare 
graphs, illustrations, diagrams, etc., on slides so that the 
presentation will be complete. 


scribed cannot be overemphasized. 


The previously mentioned 
people will be glad to help with these, too. 

The competition in the Moore School was held the week 
of February 14. The winning paper will be eligible for the 
AIEE regional contest in Ohio in March. More details 
will be available for that event. 
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SMPTE Committee To Compile 
Report on Courses of Instruction 


Formal steps have been taken by the Society of Motion 
Picture and Television Engineers (SMPTE) to compile a 
report on motion picture and television instruction in col- 
leges and universities in the United States. Dr. J. G. 
Frayne, president of the Society, announced that he had 
appointed a Committee on College Motion Picture and 
Television Curricula which would begin work on this proj- 
ect at once. 

In 1946, Dr. Frayne compiled a report on motion picture 
instruction in colleges and universities and, in September 
1950, this report was revised by Jack Morrison of the Uni- 
versity of California at Los Angeles. In addition to bringing 
those earlier reports up to date the committee hopes to 
expand them to include related courses in television instruc- 
tion. 

The committee, under the chairmanship of D. P. Wed- 
berg, editor of Film and A-V World, is a subcommittee 
of the Society’s Committee on Education. The parent 
group was organized early in 1955 to meet the growing need 
for trained technical people in the motion picture industry. 
Through its subcommittee on Training of Film Laboratory 
Technicians, the group has already established three 
seminars at the Engineering Extension Division of the Uni- 
versity of California at Los Angeles. 


MIT Offers 


Fellowships in Electronics 


Several graduate and advanced research fellowships are 
being offered by the Massachusetts Institute of Technology 
(MIT) for study and research in the field of electronics. 
They are known as industrial fellowships in electronics and 
are sponsored jointly by a group of industrial organizations 
concerned with the advancement of electronics and its 
applications. Other fellowships available may be found on 
pages 208 through 210 of the June 1955, MIT catalogue. 

Applicants must satisfy the requirements for admission to 
the graduate school on recommendation of a department 
of the student’s choice. Recipients of such fellowships will 
pursue programs of study and research leading towards 
advanced academic degrees. It is expected that the area of 
specialization of a Fellow will fall within the field of elec- 
tronics. The program of the research laboratory of elec- 
tronics at MIT covers electronics and its applications 
broadly. Currently, attention is centered on the develop- 
ment and application of statistical communication theory; 
electric circuit studies including synthesis of circuits for pre- 
scribed frequency and transient response; optimum design 
of linear electrical systems; useful generators of radio- 
frequency power, particularly at microwave frequencies, 
including their modulation and control and studies of the 
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theory of their operation; research on basic components 
and techniques, including circuits and instrumentation; 
radio-frequency spectroscopy including molecular beam re- 
search and nuclear resonance absorption and, in general, the 


interaction of electromagnetic field with solids, liquids, and 


gases; research in physical electronics, including electron 
emission studies, and properties of phosphors; and physical 
research at low temperatures, including superconductivity 
at microwave frequencies, and the properties of liquid 
helium. 

There will be awarded a few advanced research fellow- 
ships to candidates possessing the doctor of philosophy de- 
gree or its equivalent who without enrolling as graduate stu- 
dents wish to pursue advanced studies and research in the 
field of electronics at MIT. 

The stipend of a graduate student fellowship will be be- 
tween $1,500 and $2,400, for the academic year (9 months) 
according to experience and qualifications. In addition, 
tuition fees will be paid for the Fellow. The stipend for an 
advanced research fellowship will range from $3,000 up- 
ward, according to the qualifications of the recipient. 

Applicants for an industrial fellowship in electronics 
should communicate with the Director, Research Labora- 
tory of Electronics. Application should be made at least 
The 
granting of a fellowship implies no commitment as to its 
renewal. 


four months prior to the intended date of entrance. 


Fellows applying for reappointment will be 
judged along with other applicants on the basis of their 
previous attainments. 

A limited number of positions as research assistant in an 
academic department but assigned to the research labora- 
tory of electronics are available. Students so employed 
work on research projects in the laboratory and have an 
opportunity to pursue a graduate program on a part-time 
basis. Further information regarding these positions can 
be obtained from the Director, Research Laboratory of 


Electronics, 


District 2 Prize Winners 
To Inspect PP and L Facilities 


An expense-free trip to Pennsylvania Power and 
Light (PP and L) Company properties has been arranged 
for the three top prize winning students in the annual AIEE 
District 2 prize paper competition to be held at Carnegie 
Institute of Technology on April 27 and 28. The Central 
Eastern Pennsylvania utility will play host to the students 
and their counselors May 10 and 11. 

According to PP and L, the visit will afford these out- 
standing electrical engineering undergraduates an oppor- 
tunity to catch a behind-the-scenes glimpse of a modern 
electric utility in operation. The 2-day program will 
include inspection of the company’s newly modernized 
general office building at Allentown, several substations, 
and a tour of PP and L’s “outdoor type’? Martins Creek 
steam electric station located along the Delaware River. 
This power plant has an effective capacity of 160,000 kw. 

All of the 741 student-members in the 21 AIEE col- 
lege branches in District 2 are eligible to enter the pre- 


‘ 
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TOUR STOP. One of the points of interest in the tour of PP and L Company 
facilities will be the Martins Creek steam electric station. 


liminary competition. However, only one winner will 
selected to represent each school in the final competition ; 
Carnegie Tech. From these 21 will be chosen the three 
winners who will be invited to make the PP and L tour. 

Accompanying the students and their counselors will be 
A. P. Powell, professor of electrical engineering at Pennsyl- 
vania State University and AIEE District 2 chairman of 
student activities and C. T. Pearce, District 2 vice president 
and regional engineering and service manager for Westing- 
house in Philadelphia. 


Display Boards Exhibit 
Transformer Components 


Electrical 
colleges and 


engineering students in approximately 30 
the being 
acquainted with transformer components through display 
boards supplied by Allis-Chalmers Pittsburgh Works. The 
sturdy plywood panels, 4 by 8 feet in size, have mounted on 


universities around country are 


them samples of cable, insulation, gaskets, tap changers, 
bushings, tapes, etc. In addition they carry photographs 
showing interior and exterior views of various types of trans- 


TRANSFORMER Components Display Board. 
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MEMBERS OF THE GRADUATING CLASS in electrical 
engineering and the faculty advisors of the Student 
Branches of AIEE and the Institute of Radio Engi- 
neers at Oregon State College, Corvallis, Ore. 
The senior class celebrated reaching the 100 per cent 
goal in membership in the engineering societies. 





formers with information concerning their use in the elec- 


trical system. Here four students of the University of 
Pennsylvania, Moore School of Electrical Engineering, 


study parts on the display board located at the school. 


Student Branch Report from the 
University of Southern California 


The University of Southern California’s Student Branch 


meets every other Wednesday at noon for one hour. 
Students are invited to bring their lunches, and the Branch 
serves free coffee and doughnuts. Eight or nine meetings 
and three or four field trips per semester are held. No dues 
are charged. 

Although there are 66 AIEE and 56 Institute of Radio 
(IRE) 


groups), only about 40 students attend the meetings. It 


Engineers members (some affiliated with both 


was thought that this small attendance was due to a lack of 


publicity, as only “‘dittoed” meeting announcements had 


A DEMONSTRATED LECTURE by Fred Ireland of the General Radio Company 
on “New Techniques in Measurements” was presented for the members of the 
joint Student Branch at the University of Southern California in November. 
Mr. Ireland is shown demonstrating an elementary computer. 
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been used. Through the co-operation of the Lockheed 
Missile Division this semester, two-color reusable posters 
were obtained and placed not only in the engineering 
building, but also in all parts ofthe campus. A 3- by 4-foot 
bulletin board is maintained in the lobby of the engineering 
building, and a 3-color announcement is kept there with 
notices of semester meetings. Branch officers distribute 
literature and application blanks to the classrooms, and 


next semester these forms will be mailed to all new students. 


Second Night Meeting Held 
for New York University Branch 


New York University’s evening division of AIEE- 
Institute of Radio Engineers (IRE) Branch held their 


MEMBERS OF THE EVENING DIVISION of New York University's AIEE-IRE 
Student Branch who attended the November meeting. 


second “‘midnight”’ meeting of the 1955-56 academic year 
in November. Monthly Branch meetings are held from 
10:30 to 11:30 p.m., followed by a social hour until 1 a.m. 
because many students have full-time employment during 
the day and attend classes most evenings until 10:10 p.m., 
but want to maintain an active AIEE-IRE Branch. 

At the November Meeting, 69 evening engineering 
students heard E. E. Sumner of Bell Telephone Labora- 
tories discuss the physical and electrical aspects of the 
transistor, and its basic advantages and disadvantages over 
vacuum tubes. 
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INS TEFUFE AC REVirercs 


South West District Meeting 
Scheduled for Dallas, Tex., in April 


DALLAS AND FORT WORTH, TEX., 
will be hosts to the South West District 
Meeting, April 2, 3, and 4. 
Dallas-Fort Worth area is the second largest 
aircraft producing area in the United States, 
it is particularly fitting that “Electricity in 
Aircraft” be the theme of the Dallas meeting. 
Dallas has a population of 750,000. It is 
the number-one fashion and apparel manu- 
facturing center of the Southwest, has more 
bank deposits than any city in the South or 
Southwest, and is the foremost wholesale 
distribution center of that region. 


Inasmuch as the 


The Program 


A varied program has been arranged 
offering a wide choice of sessions on aircraft 
and aircraft applications, power generation, 
transmission and distribution, communica- 
tions, management, and industry applica- 
tions. 

For the engineer interested in aircraft, 
there will be a complete schedule of aircraft 
technical sessions. Of special interest will be 
60 exhibit booths by 44 different exhibitors 
displaying the latest 
apparatus, components, and support items. 
This is the first time in the history of the 
AIEE that exhibits have been an attraction 
at a district meeting. 

For the electric utility engineer, the power 
generation technical sessions will place 
emphasis on new developments and new 
innovations in nuclear power and turbine 


airborne electrical 


and generator designs. The transmission 
and distribution sessions will place emphasis 
on insulation co-ordination and lightning 
arrester characteristics. The industrial 
groups will place their emphasis on electrical 
inspection and planned electrical expansion. 

A special feature of the program will be a 
full session devoted to management. One of 
the Southwest’s outstanding electric utility 
executives will present a panel of three 
industry presidents who will discuss this 
timely subject. 

The number of papers per technical session 
has been limited so that each author may 
present his paper in full, yet allow some time 
for discussion. 


Entertainment 

Tuesday evening there will be an informal 
dinner dance in the Baker Hotel. The 
affair is planned with an outstanding name 
orchestra and a floor show of top flight 
entertainers. Tickets for this event are $5. 

*“Cinerama Holiday” will be playing 
during the meeting and Theater ’56 is to be 
open, as well. Also, the Republic National 
Bank of Dallas, tallest building in the South- 
west, may be visited. 

For those who desire to play golf, arrange- 
ments will be made at any one of the beauti- 
ful country clubs in the Dallas vicinity. Be 
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sure to indicate on the advanced registration 
card if you wish to play golf. 


Ladies’ Entertainment 


A suite for informal gatherings of the 
ladies will be available during the entire 
Meeting at the Baker Hotel. A door prize 
will be given each morning when coffee is 
served. Cards and tables will be provided 
for bridge and canasta. The ladies are 
cordially invited to use these facilities 
throughout the Meeting. Hostesses will be 
available to help arrange sight-seeing and 
shopping tours, or other activities. 

Monday morning the ladies will be enter- 
tained at a “Get Acquainted Coffee” at the 
new Statler Hilton Hotel. A door prize 
will be given. There is no charge for par- 
ticipation in this activity. 

On Tuesday brunch and 
fashion show is planned in the Zodiac Room 


morning a 


at the Neiman-Marcus Department store. 
Door prizes will be given to the lucky ticket 
holders. The price for brunch is $1.75. 

Wednesday morning the ladies will travel 
by bus to the Dallas Athletic Club Country 
Club for a book review and 
After luncheon, the chartered buses will take 
the ladies on a tour of Dallas. The price of 
the luncheon is $2.75 and the tour and round 
trip bus fare is $1.25. 

Please indicate on the advanced registra- 
tion cards the activities you would attend. 


luncheon 


Meeting of Board of Directors 


A meeting of the board of directors of the 
Institute will be held April 3, 
followed by a luncheon. 


Tuesday, 


Student Program 


[he student program will consist of the 
District 7 Student Branch Paper Competition 
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THE REPUBLIC NATIONAL BANK of Dallas has 36 stories above ground and four stories 


below. 
tance of 120 miles. 


Institute Activities 


The Beacon Light of almost one-half billion candle power is visible from a dis- 
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VIEW OF THE CITY of Dallas and the Cotton Bowl. 


which will be held on Monday and Tuesday. 

Of special interest to the students will be a 
Tea Dance in the Student Center on the 
Southern Methodist University Campus on 
Tuesday. 

Special arrangements have been made 
with the Baker and Adolphus Hotels for the 
housing of students. There is a minimum of 
four to five students to a room at a rate of $3 
per day per student. If you have not made 
your reservations with your Student Coun- 
sellor, please make hotel arrangements 
promptly, direct with the hotel preferred, 
specifically referring to the AIEE meeting. 


Inspection Trips 


Inspection trips have been arranged which 
will be of considerable interest to all visitors. 
These trips are as follows: Tuesday morn- 
ing, April 3, Bell Aircraft Corporation; 
Southwestern Bell Telephone Company 
Haskell Avenue Toll Center; Tuesday 
afternoon, April 3, Chance Vought Air- 
craft, Inc.; Republic National Bank Build- 
ing; Wednesday morning, April 4, Texas 
Instruments, Inc.; Dallas Power and Light 
Company Parkdale Power Plant. 

At Bell Aircraft, the most famous of the 
models is the Model 47 Helicopter used 
extensively by all branches of our armed 
services. 

The nine-story Southwestern Bell Toll 
Center is the second largest long-distance 
switching center in the United States. 

The latest jet news concerning the Chance 
Vought Aircraft Company is the Navy’s 
granting of a $100 million contract to pro- 
duce the F8U-7 jet Crusader which company 
officials describe as the world’s fastest Navy 
fighter. 

Texas Instruments is well known in the 
electronic industry for its progress in the 
development and production of transistors, 
tiny and durable substitutes for vacuum 
tubes. This company is also an important 
producer of electronic components such as 


286 


transformers, resistors, capacitors, and delay 
lines. 

The Dallas Power and Light Company 
Parkdale Power Plant is a modern outdoor 
type plant with two units in service with a 
generating capability of 202,000 kw. Con- 
struction of a third unit which will be capable 
of producing 125,000 kw is well under way 
and will go on in 1957. 

Transportation for the inspection trips will 
be $1 per person for each trip taken with the 
exception of the Republic National Bank 
which is within walking distance of the 
Meeting. 

Please indicate on the advanced registra- 





NEW PREPRINT PRICES 


40¢ to Members 


80¢ to Nonmembers 


MINIMUM ORDER by mail $1.20 


unless accompanied by remittance 


or coupons. All nonmember orders 
must be accompanied by remittance. 


COUPON BOOKS in ten-dollar de- 


nominations may be purchased. 


NUMBERED PAPERS only are 
available. 


SEND ORDER and remittance to: 
AIEE Order Department 


33 West 39th Street, 
New York 18, N. Y. 
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tion card the inspection trips you will attend. 
If insufficient interest in one or more of the 
trips is indicated by advanced registration, 
the trips will be cancelled. 


Hotel Reservations 


Reservations are to be made directly with 
the hotels, pointing out attendance at the 
AIEE meeting. Please do not write to more 
than one hotel. Ask the hotel to confirm 
your reservation. If your request cannot be 
filled, the hotel will automatically refer your 
request to the chairman, Hotels Committee, 
who will obtain a similar reservation at 
another of the hotels. Reservations will be 
confirmed to you directly. 

The Baker Hotel has been designated as 
Headquarters for the Meeting. However, 
some of the activities will take place at the 
Adolphus Hotel located across the street. 
Blocks of rooms have been set aside at the 
following hotels with rates as indicated. 


Baker Hotel (meeting headquarters) 


.00 to $11.00 
.00 to 11.50 
.50 to 14.00 
00 and up 


Single room 

Double room 

Twin bedroom......... 
og re 


Adolphus Hotel (also used for meetings) 


.00 to $10 
.08 to 13 
00 to 13 
00 to 25 


Single room 

Double room 

Twin bedroom......... 
PO RE 0 0s sicmes 


Statler Hilton Hotel 


.00 to $13.00 
.50 and up 
.00 and up 
.00 and up 


Single room... 

Double room 

Twin bedroom......... 
Parlor suite 


For members attending this meeting who 
prefer to stay at a motel, a few are listed as 
follows: 


Belmont Motor Fort Worth 
Avenue 
Dallasite Motor Hotel, 4126 N. Central 


Expressway 


Hotel, 901 


MODEL 47G HELICOPTER (U. S. Army and Air 
Force H-13; U.S. Navy and Marine Corps HTL), 
latest Bell Aircraft 47 series, has logged upwards 
of a million flight hours. 
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Eastern Hills Motel, 3422 Samuells Blvd. 

Lido Hotel Courts, Highways 67 and 80, 
near Loop 12. 

Tower Hotel Courts, 10108 Harry Hines 
Blvd. 


No rooms at the motels have been set aside 
for this meeting. 


Registration Fees 


The difference between member and non- 
member registration fees will be rebated to 
nonmember registrants who file applications 
within 30 days after the meeting, provided 
the applications are accepted. The fees 
are as follows: 


Members. . : $3 
Nonmembers. . $5 
Student Members..... . None 
Families of Members . None 


The Committee 


The members of the District Meeting 
Committee are: S. M. Sharp, vice-presi- 
dent District 7; G. A. Smith, Jr., general 
chairman; P. S. Neblett, vice-chairman; 


O. S. Hockaday, vice-chairman; John 
Hutchison, vice-chairman; E. B. Robertson, 
vice-chairman; C. A. Maas, vice-chairman; 
J. B. Robuck, secretary; J. L. Pratt, chair- 
man, finance committee; P. G. Wallace, 
chairman, program committee; Felix 
Quirino, vice program chairman, aircraft; 
G. A. Dyer, vice program chairman, com- 
munications; Wendell Fowler, vice program 
chairman, utilities; R. D. Ledbetter, vice 
program chairman, utilities; J. R. Duff, 
chairman, exhibits; J. C. Bibbs, vice- 
chairman, exhibits; H. L. Reynolds, chair- 
man, hotels committee; C. F. Crandell, 
chairman, registration committee; E. C. 
Wise, chairman, transportation committee; 
Curtis Musgrove, chairman, dinner dance 
committee; L. J. Blaize, cochairman, inspec- 
tion trips committee; E. W. Rogers, cochair- 
man, inspection trips committee; Mrs. E. C. 
Thompson, chairman, ladies’ committee; 
R. T. Martin, chairman, publicity com- 
mittee; F. W. Tatum, chairman, students 
committee; Floyd McKenna, chairman, 
luncheon committee; John Sandlin, chair- 
man, sports committee; George Pingree, 
chairman, reception committee. 


Tentative Technical Program 


AIEE South West District Meeting 


Monday, April 2 


8:00 a.m. Registration 


10:00 a.m. Transmission 
Presiding: P. S. Neblett 


DP Lightning Protection of H-Frame Transmission 
Lines Using One Expulsion Protector Tube per 
Structure. J. F. Longley, West Texas Utilities Company 
DP A Unique Design for 230-Kv Wood Pole Trans- 
mission Line. C. W. Gragg, H. N. Wright, Southwestern 
Public Service Company 

DP56-433 Mutual Sequence Impedances of Parallel 
Transmission Lines. W. J. McKune, Georgia Institute 
of Technology 


Distribution 
Presiding: John Barron 


DP Use of Synthetic Resin in Splicing and Terminat- 
ing Power Cables. W. A. Parker, Oklahoma Gas and 
Electric Company 

DP Capacitor Switching to Control System Reactive. 
V. D. Weber, Oklahoma Gas and Electric Company 


Industrial 
Presiding: F.S. Glaza 


CP56-14 Electrical Inspection of Petrochemical 
Plant Construction. N. D. Casdorph, J. H. Wieting, 
Carbide and Carbon Chemicals Company (Previously 
presented at the Winter General Meeting) 

DP A Planned Electrical Expansion. E£. G. Parrish, 
Crossett Paper Mill; J. R. Scohy, Westinghouse Electric 
Corporation 


Student Session 

Aircraft Technical Session—Power Gen- 
eration 

Presiding: Felix Quirino 


56-434 Development of Definitions for Voltage 
Modulation Characteristics in 380 to 420 Cps Aircraft 
Electric Systems. Oscar Markowitz, U. S. Naval Air 
Development Center 


DP An Automatic A-C Generating System for Air- 
craft. L. R. Oman, Boeing Airplane Company 


DP56-435 Parallel Operation of Aircraft A-C Gener- 
ators: Reactive Load Division and Selective Protec- 
tion. H. A. Kahle, Jack and Heintz, Inc. 
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56-436 Frequency Modulation and Load-Division 
Instability in Parallel Alternator 400-Cycle Aircraft 
Electric Systems. Henry Oman, Boeing Airplane Com- 
pany 


12:15 p.m. Luncheon 


Terrace Room, Baker Hotel 
Presiding: E.B. Robertson 
Speaker: Hon. D. A. Quarles, Secretary of the Air 


Force 


2:00 p.m. General Session 

Presiding: S.M. Sharp, vice-president, District 7 
Address by: C. J. McCarthy, chairman, board of 
Chance-Vought Aircraft, Inc. 


7:00 p.m. Power Systems 


Presiding: J. B. Robuck 


56-437 Automatic Load Frequency Control, Houston 
Lighting and Power Company. W.C. Gierisch, D. E 
Simmons, Houston Lighting and Power Company 


DP Reserve Capacity in Electrical Power Systems 
Requirements and Supplies. Arnold Rich, Federal 
Power Commission 


Aircraft Technical Session—Transistor 


Applications 
Presiding: T.H. McNary 


DP Silicon Transistor Circuits for Aircraft Electrical 
Equipment. C. R. Rutherford, Temco Aircraft 


DP Transistor Aircraft Interphone Amplifier Sys- 
tems. G.S. Rambie, Jr., Texas Instruments 


DP Transistorized Thermocouple Temperature 
Indicating System. G. H. Cole, Minneapolis-Honey- 
well Regulator Company 


55-828 A Transistorized Overvoltage Relay. JN. F. 
Schub, Westinghouse Electric Corporation. Re-pre- 
sented for discussion 


Tuesday, April 3 


9:00 a.m. 
Presiding: L. E. Cook 


DP Nuclear Power Plant Development. R. W. 
Klecker, Allis-Chalmers Company 


Power Generation 
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Future AIEE Meetings 


Paper and Pulp Conference 
University of Florida, Gainesville, Fla. 
March 8-9, 1956 

(Final date for submitting papers—closed ) 


AIEE-ASME Fourth Annual Engi- 
neering Management Conference 
Hotel Statler, St. Louis, Mo. 

March 14-15, 1956 

(Final date for submitting papers—closed 


AIEE, Illinois Institute of Tech- 
nology American Power Conference 
Sherman Hotel, Chicago, Ill. 

March 21-23, 1956 

(Final date for submitting papers—closed 


AIEE-ASME Nonlinear Controls 
Conference 

Princeton University, Princeton, N. J. 
March 26-28, 1956 


(Final date for submitting papers—closed 


South West District Meeting 
Baker Hotel, Dallas, Tex. 

April 2-4, 1956 

(Final date for submitting papers—closed 


AIEE-IRE-ISA Magnetic Amplifiers 
Conference 

Syracuse Hotel, Syracuse, N. Y. 
April 5-6, 1956 


(Final date for submitting papers—closed 


Rubber and Plastics Conference 
Mayflower Hotel, Akron, Ohio 
April 9-10, 1956 

(Final date for submitting papers—closed 


Great Lakes District Meeting 
Fort Wayne, Ind. 

April 16-18, 1956 

(Final date for submitting papers—closed 


AIEE, ASME, ISA Recording and 
Controlling Instruments Conference 
Bradford Hotel, Boston, Mass. 

April 26-27, 1956 

Final date for submitting papers—el: 


AIEE-IRE Electronic Material and 
Component Symposium 
Washington, D. C. 

May 1-3, 1956 

(Final date for submitting papers—closed 


North Eastern District Meeting 
Rochester, N. Y. 

May 2-4, 1956 

(Final date for submitting papers 


Summer and Pacific General Meet- 
ing 

San Francisco, Calif. 

June 25-29, 1956 

(Final date for *TP—Mar. 27, tCP 
Syn.—Apr. 10, CPMs—Apr. 20 


AIEE-IRE-ISA Telemetering Con- 
ference 

Ambassador Hotel, Los Angeles, Calif. 
August 20-21, 1956 

(Final Date for *TP—May 20, {CP 
Syn.—June 5, CPMs—June 15 


*TP—Trensections paper 

+CP SYN.—Conference Synopsis 

CP MS—Conference Manuscript 

The CP Syn. date is 10 days before the CP Ms 
date 











DP Progress in Nuclear Power Generation. 
Mellor, General Electric Company 


A. G. 


DP Recent Advances in Turbine and Generator 
Designs. D. W. R. Morgan, Jr., J. C. Cunningham, 
Westinghouse Electric Corporation 


DP Trend and Development in Large Turbine 
Generators. J. A. Zimmerman, Allis-Chalmers Com- 
pany 


Transmission and Distribution 


Presiding: John Hutchison 


DP Load Characteristics and Their Effects on Dis- 
tribution System Design. H. E. Campbell, General 
Electric Company 

56-438 Connector Performance by Types. O. A 
Boyer, Central Power & Light Company, and Emerson 
Korges, Texas College of Arts and Industries 

DP Fuse Protection of High Voltage Transformers. 
Ray Larner, Texas Electric Service Company 


Aircraft Technical Session—Control and 
Protective Devices 
Presiding W. H. Crow 


DP56-439 
craft Power Systems. 


High-Phase Voltage Regulation on Air- 
R. J. Leppla, Jack and Heintz, 
Inc., and H. M. McConnell, Carnegie Institute of Tech- 
nology 


56-440 Negative Sequence Voltage Detection on 


Aircraft A-C Systems. R. D. Jessee, P. F. Bogess, 
Westinghouse Electric Corporation 


DP56-441 High Potential Testing of Aircraft Equip- 
ment Electrical Insulation. L. B. Kilman, J. P. Dallas, 
Hughes Aircraft 


DP A New Solution to the Aircraft Boresighting 
Problem. C. W. Clements, Convair Division, General 
Dynamics Corporation 

DP56-442 
Designs. 


Recent Novel Positive Action 
H. F. Mason, Mason Electric Corp. 
55-836 Simplified Test 
Transient Reactance and Time Constant. 
Westinghouse Electric Corporation 


Switch 


Method for the D-Axis 
C. F. Yohe, 
(Re-presented for 


aiscussion 


Aircraft Technical 
Applications 


Session—Electronic 


Presiding C, W. Macune 


DP Integrated Electronic 
Robert Olson, Collins Radio 


Systems for Aircraft. 


DP Electronic Power Supplies in Aircraft. H. 7 
Lowell, Sorensen and Company 


DP Cold Cathode Triodes in Timing Circuits. 
H. D. Gulnac, Los Alamos Scientific Laboratory 


DP The Application of Wired Television To Aug- 
ment and Extend Human Vision. R. T 
Kay Lab, Inc. 


Silberman, 


Chemical Session 


Presiding W. E. Silvus 


DP Problems of the Utilities Furnishing Power to 
Chemical Plants. M. 7. Robi 


Power Company 


in, Houston Lighting and 


DP Chemical Plants Considerations in the Use of 
Purchased Power. W. S. Miller, Diamond Alkali 
Company, and J. H. Valck, Shell Chemical Corporation 


DP Expansion of Electrical Facilities in Chemical 
Plants. H Hickok, General Electric Company 


DP Over-all Aspects of Motor Control in Chemical 
Plants. H. E. McConnell, Consulting Engineer 
Student Session 

12:15 p.m. Luncheon—Honoring AIEE 
Board of Directors 


Presiding P. G. Wallace 


2:00 p.m. Management Panel 


Presiding R. D. Ledbetter 


Panel Discussion by leaders of Industry and Finance 


Aircraft Technical Session—-Environmental 
Design 
Presiding: Harold Felix 


DP Electronic Equipment Design Considerations 
Relative to Vibration and Shock. B. L. Powell, 
Chance Vought Aircraft 


288 


DP Design of Electronic Equipment to Resist Shock 
and Vibration. X.C. York, Convair Division, General 
Dynamics Corporation 


DP56-443 Electronic Equipment Environmental 
Control in High Performance Aircraft. H.R. Wesson, 
Convair Division, General Dynamics Corporation 


DP56-444 An Effective Method of Forced Air Cool- 
ing Airborne Electronic Equipment. H.H. Thompson, 
Melpar, Inc. 


Chemical Session 


Presiding: J. E. Parker 

DP High Voltage D-C Testing of Cables and Cable 
Fault Locations. B. J. Nankervis, Dow Chemical Com- 
pany 


DP Corona in Metal-Clad Switchgear. H. O. 
Bourque, Ethyl Corporation 


DP Problems and Limitations of Electrical Installa- 
tions in Class 1, Groups A and B, Hazardous Loca- 
tions. Dick Scott, Crouse-Hinds Company 


DP Motor Insulation Developments in the Chemical 
Industry——Now and Tomorrow. J. 7. Wilson, Louis 
Allis Company 

Dance—Entertain- 


7:30 p.m, Dinner 


ment 


Presiding: George Smith 


Wednesday, April 4 


9:00 a.m. Distribution and Substation 


Distribution Lightning Arrester Pane] Debate. Presid- 
ing B. M. Galleher, Texas Electric Service Company; 
Moderator G. R. Coffman, Texas Power and Light 
Company; N. C. Spencer, Gulf States Utilities; D. P 
Wooldridge, Dallas Power and Light Company; Ed 
Allen, General Electric Company; A. M. Opsahl, 
Westinghouse Electric Corporation; J. H. Willox, 
Joslyn Company; H. O. Stoelting, Line Material 
Company 


DP Insulation Co-ordination as Affected by New 


Arrester Characteristics, A. M. Opsahl, Westinghouse 
Electric Corporation 


Aircraft Technical Session—Power 


Supplies 
Presiding E. L. Clark 


DP An Evaluation of Lightweight Storage Batteries. 
Ward Carter, Bell Aircraft Corporation 


56-445 Recent Trends in Aircraft Ground Power 
Electrical Equipment. H. S. Sechrist, M. Rosenblatt, and 
C. M. Bryant, General Electric Company 


DP56-446 Development of a Precisely Controlled 
Ground Power Unit. H. A. Slingsby, Beech Aircraft 
Corporation 


DP Integration of D-C Power Supplies for Airborne 
Electronic Equipment. J. M. Murphy, H. D 
Convair Division, General Dynamics Corporation 


Stevens, 


North Eastern District 


AT 10:30 A.M, on May 2, the AIEE North 
Eastern District Meeting will open its 
headquarters at the Sheraton Hotel in 
Rochester, N. Y. The opening session will 
be a general meeting. Those attending will 
be welcomed to Rochester by the Hon. Peter 
Barry, mayor, and the delegates will be 
welcomed on behalf of the AIEE by AIEE 
President, M. D. Hooven. 

Rochester, known as the ‘“‘Flower City,” 
will have its numerous parks and many home 
gardens in full blossom at this time. Of 
particular interest should be Highland Park 
where, later in the month, Rochester’s Lilac 
Festival takes place. 
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DP56-447 Design and Development of New Silicon 
Rectifier D-C Power Supply. H. B. James, Westing- 
house Electric Corporation 


Aircraft Technical Session—Feedback 
Control 


Presiding: A. R. Teasdale 


DP Spurious Signals in Missile Autopilot Systems. 
Ken Day, Chance Vought Aircraft 


DP Hydraulic Servomechanisms for Aircraft Sta- 
bility Augmentation. S. E. Asendorf, A. P. Rasmussen, 
Westinghouse Electric Corporation 


DP Analysis of Sample Data Servomechanisms by 
the Root Locus Method. D. F. Sellers, Chance Vought 
Aircraft 


56-448 Airborne Analog Computer Plots Aircrafts 
Own Position on a Mercator Chart. 7. A. Westover, 
Servo Corporation of America 


56-449 Important Factors Influencing the Choice 
between a Synchro and a Potentiometer as an Angular 
Position Pickoff. H. A. Dinter, Jr., Minneapolis- 
Honeywell Regulator Company 


2:00 p.m. Switchgear 


Presiding : 
56-225 Vacuum Switches for Power Systems. J. E 
Jennings, H. C. Ross, Jennings Radio Manufacturing 


Company, and A. C. Schwager, Schwager-Wood Corpora- 
tion 


DP New Braidless Side-Break Switches. S. C. 
Killian, Robert Kleb, Delta-Star Electric Company 


O. A. Boyer 


Aircraft Technical 


Testing 


Session—Reliability 


Presiding: R. L. Olson 

DP Flight Safety Aspects of Electrical 
W. F. Funk, Convair Division, General 
Corporation 


Design. 
Dynamics 


DP Testing Aircraft Electrical Equipment for 
Specification Compliance. B. B. Shuffler, 
Division, General Dynamics Corporation 


Convair 


DP Production Testing A-C Power Systems after 
Aircraft Installation. R. A. Klotz, Douglas Aircraft 
Corporation 


56-450 Analyzing Missile Electrical System Relia- 
bility. B. J. Wilson, Naval Research Laboratory 


Communications and Supervisory Control 


Presiding: Gibbs Dyer 


DP A Portable VHF Radio System with Three 
Multiplex Channels for Emergency Communications. 
C. F. Crandell, B. Bartel 


DP Remote Controlled Unattended Pump Stations 
Utilized by Great Lakes Pipe Line Company. P. R 
Madden, Great Lakes Pipe Line Company, A. P. Riehl, 
Westinghouse Electric Corporation 

DP Simplify Utility Radio Communications. F. V 
Long, Texas Eastern Transmission Corporation 


Meeting 
May 2—4 at Rochester, New York 


A well-rounded technical program has 
been planned, as well as numerous inspection 
trips through some of Rochester’s major in- 
dustrial plants. The social program will be 
complete in every respect. The morning of 
May 3 will be devoted to the district student 
prize paper contest. 


Technical Sessions 


A total of 13 technical sessions are sched- 
uled after the general session. They will 
cover such diversified subjects as instrumen- 
tation, insulators and insulation, electronics, 
communication, transformers, industrial con- 
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trol, transistors and semiconductors, and 
illumination. 


Opening General Session 


A. M. Beebee, president of the Rochester 
Gas and Electric Corporation, will deliver 
the principal address at the opening general 
session on Wednesday, May 2 in the hotel 
ballroom. His topic will be ‘“‘Public versus 
Private Power—Which Is Right?” The 
mayor will welcome attending members to 
Rochester and M. D. Hooven will open the 
session. 


Smérgasbord 


The dinner planned for Wednesday eve- 
ning will be a smérgasbord in the hotel ball- 
room; following this, arrangements have 
been made for members and their wives to 
attend the American Bowling Congress 1956 
Championships at the Rochester Community 
War Memorial building. Bus transporta- 
tion will be provided. Tickets costing $5.50 
each will be available covering the smérgas- 
bord, admission to the Bowling Champion- 
ships, and transportation. For those who do 
not wish to attend the Bowling Champion- 
ships, tickets will be available for the 
smorgasbord at $4.50 each. 


Dinner-Dance 


The outstanding social event of the meeting 
will be an informal dinner-dance to be held 
in the hotel ballroom on Thursday, May 3. 
A well-known local orchestra will furnish the 
music for dancing; dinner music will be 
supplied by students from the Eastman 
School of Music. A cocktail hour in the 
Victorian Room of the hotel will precede the 
dinner-dance. 

Price of dinner-dance tickets (including 
cocktail hour) will be $6 per person. 


Hotel Reservations 


Rooms have been arranged for all mem- 
bers and guests at the Sheraton Hotel. All 
members should make their reservations 
directly with the hotel. Hotel reservation 
cards will be included in the regular mailing 
from headquarters. 

Prices are as follows: 


Single with bath $ 6 
Double with bath 10 
['win-bed with bath 12 
Suites (one to four persons) 20 


Registration 


Registration facilities will be open at 8 a.m. 
on Wednesday, May 2. The desk will be 
staffed from 8 a.m. to 5 p.m. Wednesday and 
Thursday, and from 8 a.m. until noon on 
Friday. Tickets to all events will be found 
here as well as copies of all papers, and in- 
formation about the meeting and the city of 
Rochester. 


Ladies Events 


Ladies who attend as guests will have a 
varied and interesting schedule. A daily 
morning coffee hour will be held Wednesday, 
Thursday, and Friday mornings in the 
Sagamore Room of the hotel until 10:30 a.m. 
On Wednesday afternoon they will visit the 
Eastman House, considered the world’s 
greatest photographic museum. (See in- 
formation on the Eastman House under 
inspection trips.) 
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RUSSELL STATION, newest of the steam generation plants of the Rochester Gas and 
Electric Corporation, will be visited by members on one of the inspection trips scheduled 
for the AIEE North Eastern District Meeting. 


On Thursday there will be a luncheon and 
bridge party at the Monroe Golf Club. 
Tickets for this luncheon will be $2.50 each. 
Transportation to and from the club will be 
provided in private cars by the local ladies 
committee. 

The ladies are invited to take part in the 
smérgasbord on Wednesday evening and to 
attend the American Bowling Congress 1956 
Championships with their husbands. They 
are also invited to attend the cocktail hour 
and dinner-dance on Thursday evening. 


Inspection Trips 

Four inspection trips have been arranged 
which offer something of interest to all 
members. Tickets will be available at the 
registration desk for each of these trips. 
These tickets should be procured as early as 
possible so plans can be completed for 
transportation 


Russell 
Corporation 


Rochester Gas and Electric 
(Wednesday afternoon, May 2). 
Russell Station incorporates many recent 
engineering advances in high-pressure power- 
plant design. The plant will ultimately 
produce 230,000 kw of electrical 
The first two generation units installed are 
hydrogen cooled units rated at 40,000 and 
50,000 kw. The turbines driving these units 
operate at 1,250 and 1,450 pounds per square 
inch gauge, 950 and 1,000 F, respectively. 
Pulverized coal is used as fuel. This plant is 
modern in all of its features and the second 
unit has a net plant heat rate of 9,625 Btu/ 
kwhr. It is designed to blend into the lake- 
front residential area in which it is located. 


The George Eastman House of Photography 
(Thursday morning, May 3). The home of 
George Eastman, built in 1905, is open free 
as his memorial. The old master paintings 
he collected are on the walls; the concert 
organ is played Sundays. Twenty-five 
spacious rooms are filled with a unique 
exhibition of the growth of photography from 
the earliest day to the present time. Ani- 
mated displays show how photography 
works, and how it is used. At this exhibit 
you will see how photography serves man- 
kind. 


Station, 


power. 
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Lapp Insulator Company (Thursday afternoon, 
May 3). The LeRoy, N. Y. plant of the 
Lapp Insulator Company is one of the largest 
and most modern insulator plants in the 
United States. The plant is unusual be- 
cause of the large variety of pieces that are 
constantly in production. They manufac- 
ture not only a conventional line of insulators, 
but have emphasized the production of line 
and station posts for transmission line and 
substation use. They also produce a wide 
variety of special porcelain ranging in size 
from the very small to some of the largest 
plastic process bushing porcelains that have 
ever been produced. 

In addition, the LeRoy plant’s new high- 
laboratory, 
million-volt impulse generator and 1,050,000- 


voltage containing a 2!/- 
volt, 60-cycle transformer set, is the newest 
of the high-voltage laboratories in the United 
States. The John Lapp High-Voltage In- 
sulator Museum is part of the laboratory 


lak Park Works of Eastman Kodak Com- 
pany (Friday morning, May 4). This city 





Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain the 
formally reviewed and approved numbered 
papers presented at General and District 
meetings and conferences. The publica- 
tions are on an annual subscription basis. 
In consideration of payment of dues, mem- 
bers (exclusive of Student members) may 
receive one of the three publications; ad- 
ditional publications are offered to mem- 
bers at an annual subscription price of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York exchange). 
Single copies, when available, are $1.00 
each. Discounts are allowed to libraries, 
publishers, and subscription agencies. 
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within a city covers about 570 acres and em- 
ploys approximately 20,000 people. Its in- 
terior production areas are kept spotlessly 
clean. Many of them are air-conditioned 
and much of the work is done in dark rooms 
since most photo products are light sensitive. 
More than 2,000 different film items, 300 
different kinds of paper, 220 kinds of photo- 
graphic chemicals, and 3,500 synthetic 
chemicals for research purposes are manufac- 
tured here. Seventeen tons of silver are 
used each week in manufacturing its sensi- 
tized photographic goods. About one-third 
of this production is for amateur use. The 
plant has its own power plant where it pro- 
duces all its steam and electric power. Its 
refrigeration plant produces sufficient re- 
frigeration to supply all the homes in New 
York City. It uses 22-million gallons of 
water each day and has its own railroad and 
fire department. It has a dial telephone 
system of 5,200 telephones which services its 
116 major manufacturing buildings. Its 
well-known photographic research labora- 
tory employs more than 600 people. 


Student Activities 


On Friday morning, May 4, the Student 
District Prize Paper Contest will be held 
and awards distributed. This special activ- 
ity is to take place from 9:30 a.m. until 


noon 





Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 











Committees 


C. G. Plomasen, general chairman; J. A. 
Gienger, vice-chairman and secretary; J. D. 
Hershey, advisory; H. A. Brown, chairman, 
Rochester Section; E. M. Morecock, meet- 
ings and papers; R. H. Rankin, registration 
and hotel reservations; C. E. Tuites, student 
meeting; R. A. Whitford, finance; Mrs. 
R. A. Whitford, women’s arrangements; 
Francis Drake, publicity; G. F. Gleason, 
inspection trips and transportation; J. T. 
Johnson, treasurer and budget; R. W. 
McCarty, dinner dance; J. A. Scott, 
smérgasbord and ABC bowling party; 
Frank Starr, meeting room arrangements. 


AIEE Board of Directors 


Meeting Held in New York City 


THE BOARD OF DIRECTORS met on 
Thursday, February 2, 1956, at the Statler 
Hotel in New York, during the Winter Gen- 
eral Meeting. Of the 27 members of the 
Board, 26 were present. A brief summary of 
some of the major actions taken is given here. 
More complete discussions of these and other 
problems before the Board will appear in 
future issues of Electrical Engineering. 
Resolutions of appreciation for the work 
of the Winter General Meeting Committee 
were voted. Expressions of sympathy were 
dispatched to the family and colleagues of 
Hector Martinez D’meza, chairman of the 
Mexico Section, who died December 25, 


1955 


Membership and Finances 


Additions to the membership were ap- 
proved as follows: 9 Fellows, 282 Members, 
738 Associate Members, 93 Student Affili- 
ates, and 3,598 Students. Biographical 
sketches of the newly elected Fellows of the 
Institute will appear in subsequent issues of 
Electrical Engineering. 

Approval was given for the addition to the 
Code of Practice of the Board of Examiners 
permitting recognition (as part of the 
acceptable experience record of applicants 
for Associate Member or Member) of such 
items as: chairmanship of an _ Institute 
(National) Committee or a Section; or, in 
the case of a graduate of a curriculum in 
engineering or science not approved by the 
Board of Directors, to consider such accom- 
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plishments as promotion to a position of 
responsibility, publication of technical pa- 
pers, inventions, professional engineering 
license, or advanced academic degrees. 

The Treasurer reported a balance in the 
General Fund of the Institute, as of Decem- 
ber 31, 1955, of $363,748.62 as compared 
with $84,489.07 on the same date in the 
previous year. 

The Chairman of the Finance Committee 
reported that dues collected in the first eight 
months of fiscal 1955-1956, May through 
December, account for 97.5 per cent of the 
budgeted figure of $700,000. Expenditures 
are currently running slightly under the 
budget. A favorable balance at the end of 
the fiscal year is anticipated. 

A reciprocal arrangement for the waiver of 
entrance fees between AIEE and the In- 
sitution of Electrical Engineers (Great 
Britain) was approved for implementation 
through Bylaw amendment. Other similar 
proposals were referred to the Finance 
Committee for study and report. 

Section allotments will henceforth be 
issued by a single payment in October. 
Membership cards will be sent to all mem- 
bers with the first dues bill in May. The 
validation of the card, with a record of the 
dues payment, will be left to the member. 


Constitution and Bylaw Changes 


Amendments to the Constitution and By- 
laws were voted as follows: 


1. To delete Bylaw 34, thus permitting the 
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Institute to sponsor or engage in expositions 
and exhibits in connection with its general 
meetings. 


2. To amend Sections 2 and 3 of the By- 
laws to permit the Board of Examiners to 
admit a Student member to Associate Mem- 
ber (or Student Affiliate to Affiliate) upon a 
receipt of a favorable reference from the 
Branch Counselor. 


3. To recommend to the membership 
amending the Constitution and subsequently 
to amend the Bylaws to define the official 
Section Delegate to the Conference of Section 
Delegates as the “incoming chairman, chair- 
man-elect, or newly installed chairman of the 
Section, or an alternate designated by the 
Section.” 


4. To amend Bylaw 123 to eliminate de- 
tailed specifications relative to the issuing 
and contents of the Yearbook. 


Future Meetings 


Policies with respect to the scheduling of 
district meetings (Electrical Engineering, Sep- 
tember 1955, page 851) were relaxed, so that 
one, instead of three, weeks will be approved 
as the minimum interval between such 
meetings. Also, the objection to district 
meetings in the same year as a general meet- 
ing held in the District, will now be limited to 
summer general meetings. 

New York was approved as the location of 
the Winter General Meeting in 1961, 1962, 
and 1963 with the further provision that the 
first week in February is to be the preferred 
time. A Constitutional amendment ad- 
justing the latest date of the Nominating 
Committee meeting was contemplated. 

Invitations were received for the summer 
and fall general meetings for all years 
through 1964. The Board was highly 
gratified and appreciative of these invita- 
tions. They were recorded without objec- 
tion. It was decided, however, to limit 
definite commitments to five years in the 
future. 

Approval was given to the following Dis- 
trict 2 Meetings: 1958, Washington; 1959, 
Baltimore; 1960, Pittsburgh. 

The establishment of Overseas Chapters 
was favorably considered and referred to 
the Committee on Constitution and Bylaws 
for formulation and further recommenda- 
tions. 


Student Branches 


The Committee on Student Branches 
recommended, and the Board of Directors 
approved, the establishment of a Student 
Branch at the United States Naval Post- 
graduate School, Monterey, Calif. 

Affiliate Student Branches were approved 
at the following four institutions: California 
State Polytechnic College, San Luis Obispo, 
Calif.; Bradford Durfee Technical Institute, 
Fali River, Mass.; New Bedford Institute of 
Textiles and Technology, New Bedford, 
Mass.; Seattle University, Seattle, Wash. 

Proposals for Bylaw changes were received 
by the Board of Directors and referred to the 
Committee on Constitution and Bylaws. 
These changes would in effect: permit the 
appointment of other than a Counselor as 
Chairman of the (District) Committee on 
Student Activities (Bylaw 38); raise maxi- 
mum tenure as a Student member from five 
to seven years (Bylaw 58); require the 
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chairman of a joint Branch to be a member of 
AIEE (Bylaw 65); and set a minimum 
number of AIEE Student members for the 
establishment of a Student Branch or a Joint 
Student Branch. 


Technical Committees and Prizes 

A petition was received for the establish- 
ment of a sixth technical Division of the 
Institute to be known as the Instrumentation 
Division. This new Division would repre- 
sent an expansion of the present Committee 
on Instruments and Measurements. Action 
will be taken at the next meeting of the 
Board. 

A proposal from the Committee on Prize 
Awards to explore the establishment of 


additional medals and awards along divi- 
sional lines was favorably received by the 
Board. 

A request for an extention of time to May 
1, 1956, for reporting on a study of the New 
Engineering Societies Center Building project 
was granted to the Special Task Committee 
created by the Five Societies in September 
1956. 

By formal action, the Board set Monday, 
June 25, 1956, as the date for the 1956 
Annual Meeting. This will be the first day 
of the 1956 Summer General Meeting in 
San Francisco. The next meeting of the 
Board of Directors will be held on Tuesday 
April 3, 1956, in Dallas, Tex., during the 
South West District 7 Meeting. 


Conference on Nonlinear Control 
Systems Scheduled for March 26—28 


THE AIEE and the American Society of 
Mechanical Engineers (ASME) Conference 
on Nonlinear Control Systems will be held at 
the Frick Auditorium of Princeton Uni- 
versity, Princeton, N. J., March 26-28. 
The conference is sponsored by the Feedback 
Control Systems Committee of the AIEE 
and by the Instruments and Regulators 
Division of the ASME, 


Registration 


The Registration Desk will be located in 
the lobby of the Frick Auditorium and will 
open at 8:30 a.m. All members and guests 
must register. 

The conference fee covers the full confer- 


Tentative Technical 


Conference on Nonlinear 


Monday, March 26 


8:00 a.m. 
Inn 


Authors’ Breakfast, Princeton 


9:00 a.m. Registration, Frick Auditorium 


10:00 a.m. Technical Frick 


Auditorium 


Session I, 


Chairman: W. I. Caldwell, Taylor Instrument Co. 


Vice Chairman: W. D. Archibald, Energy Control Co 
Nonlinear Phenomena. C. A. Ludeke, University of 
Cincinnati 


Effects of Nonlinearities in Multi-Loop Lead Angle 
Prediction Systems. A. A. Clark, H. J. Pixley, General 
Electric Company 


A Resume of the Development and Literature of Non- 
linear Control Theory. TJ. J. Higgins, University of 
Wisconsin 


1:00 p.m. Luncheon, Princeton Center 


2:30 p.m. Technical Session II, Frick 


Auditorium 
Chairman: A. R 
Company 

Vice Chairman: William E, Karg, Public Service 
Electric and Gas Company 


Aikman, Schlumberger Instrument 
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ence, regardless of length of stays. The fees 
are as follows: $3 for members, $5 for non- 
members, and no charge for women guests. 
Preprints of all papers will be available in 
package form at the time of registration at 
reduced cost. 


Papers by Mail 


Single papers are available by mail from 
the AIEE and ASME headquarters. AIEE 
papers can be ordered from the American 
Institute of Electrical Engineers, 29 West 
39th St., New York 18, N. Y. ASME papers 
can be obtained from the American Society 
of Mechanical Engineers Order Department, 
29 West 39th Street, New York 18, N. Y. 


Control Systems 


Electro-Hydraulic Servomechanism with an Ultra- 
High Frequency Response. D. P. Eckman, C. K. Taft, 
R. L. Schuman, Case Institute of Technology 


Nonlinear Analogue Study of a High-Pressure Pneu- 
matic Servomechanism. J. 1 
Institute of Technology 

A Dual-Mode Damper Stabilized Servo. J. Jursik, 
Clevite-Brush Development Co.; J. F. Kaiser, J. E 
Ward, Massachusetts Institute of Technology 


Shearer, Massachusetts 


Experiments with Optimalizing Controls Applied to 
Rapid Control of Fluid Pressure with High Amplitude 
Noise Signal. George Vasu, Lewis Flight Propulsion 
Laboratory, National Advisory Committee for Aero- 
nautics 


Representation of Nonlinear Functions of Two Input 
Variables on Analogue Equipment. / 4. Elliott, 
Curtiss-Wright Corporation 


Tuesday, March 27 


8:00 a.m. 
Inn 


Authors’ Breakfast, Princeton 


8:30 a.m. Registration, Frick Auditorium 


9:30 a.m. Technical Session III, 
Auditorium 


Frick 


Chairman 
necticut 


Ralph Kochenburger, University of Con- 


Vice Chairman: W. H. 
versity 


Surber, Jr., Princeton Uni- 
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Basic Methods for Nonlinear Control System Analysis. 
T. M. Stout, Schlumberger Instrument Company 


56-453 Describing Functions Representing the 
Effect of Inertia, Backlash, and Coulomb Friction on 
Stability. <K NV. Satyendra, Westinghouse Electric 
Corporation 


How to Obtain Describing Functions for Nonlinear 
Feedback Systems. XK. Klotter, Stanford University 


56-456 Design of Contactor Servo Using Describing 
Function Theory. S. K. Chao, Atomic 
Company 


Instrument 


12:45 p.m. Luncheon, Princeton Center 
2:00 p.m. 
Auditorium 


Technical Session IV, Frick 


Chairman: Harold Chestnut, General Electric Cx 
Vice Chairman: J. M. Mozley, E. I. du Pont 
Nemours Company (Inc.) 


56-452 The Frequency Response of a Servomecha- 
nism Designed for Optimum Response. J. C. lest, 
P. N. Nikiforuk, Manchester University, England 


Design and Analogue Computer Analysis of an 
Optimum Third-Order Nonlinear Sereeuneneniem 
H. G. Doll, T. M. Stout, Schlumberger Instrument Con 
pany 

Optimum Nonlinear Control. 
Woodward Governor Company 


56-455 A Phase Space Method for the Synthesis of 
Nonlinear Servomechanisms. R. E. Kuba, Wayne 
University; and L. F. Kazda, University of Michigan 


Rufus Oldenburger, 


6:15 p.m. Coektail Party, Princeton Inn 


Courtesy of Philadelphia Section AIEE-ASME 


7:00 p.m. Banquet, Princeton Inn 


Subject: 


The Dynamics of Population 


Speaker: Dr. F. W. Notestein, Princeton University 


Wednesday, March 28 


8:00 a.m. Breakfast, Princeton Inn 


8:30 a.m. Registration, Frick Auditorium 


9:30 a.m. 
Auditorium 


Technical Session V, Frick 


Chairman: E. F. Johnson, Princeton University 


Vice Chairman: E. G. Holzmann, Shell Development 


On the Analysis of Linear and Nonlinear Systems. 
Marvin Shinbrot, Ames Aeronautical Laboratory, National 
Advisory Committee for Aeronautics, Moffett Field 
California 


Physical and Mathematical Mechanisms of Instability 
in Nonlinear Automatic Control Systems. &. E 
Kalman, Columbia University 


Determination of the Characteristics of Multi-Input 
and Nonlinear Systems from Normal Operating 
Records. JT. P. Goodman, MIT 


Spectral Response of Control Systems Containing 
Zero-Memory Nonlinearity to Random Inputs. 
Yoshikazu Sawargi, Kyoto University; and Setus Taka- 
hashi, Kyoto Technical College 


12:45 p.m. Luncheon, Princeton Center 


2:00 p.m. Frick 


Auditorium 


Technical Session VI, 


Chairman: Mead Bradner, The Foxboro Company 


Vice Chairman: W. E. Reser, Princeton University 


Hunting Due to Lost Motion. H. Poritsky, General 


Electric Company 


56-454 Comparison of Backlash and Hysteresis 
Effects in Autonomous Second Order Feedback 
Systems. L. M. Vailese, Polytechnic Institute of Brook 
lyn 

Nonlinear Integral Compensation of a Velocity Lag 
Servomechanism with Backlash. C. N. Shen, Da 
mouth College; H. A. Miller, N. B. Nichols, Raythe 
Manufacturing Company 

Disturbance Response Feedback for the Control of 
Nonlinear Systems. J. A. Hromes, Massachusetts 
Institute of Technology; R. E. Murphy, General D 
namics Corporation; and J. B. Reswick, MIT 
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Engineers Joint Council General 


Assembly Attracts Some 500 Engineers 


THE SECOND ANNUAL general assembly 
of Engineers Joint Council (EJC), held Jan- 
uary 26-27, in the Hotel Statler, New York, 
N. Y., was attended by approximately 500 
engineers. The two-day program, pre- 
sented to promote the dissemination of in- 
formation about engineers and their pro- 
fession included Reserve 
Forces Act 1955, utilization of balanced 
teams of engineers and engineering tech- 
nicians, growth pattern of the engineer, and 
the Hoover Commission reports. 


forums on the 


Opening Session 


The first session on Thursday morning, 
January 26, was opened with a greeting by 
Col. L. F. Grant, past president, Engineers 
Council for Professional Development 
(ECPD). Dr. H. A. Meyerhoff, executive 
director, Scientific Manpower Commission, 
was chairman of this session on the Reserve 
Forces Act of 1955, which was cosponsored 
by the Conference on Scientific Manpower, 
including the Engineering Manpower Com- 
mission, Scientific Manpower Commission, 
National Research Council, and the Na- 
tional Foundation. The three 
speakers, bearing major responsibility for 
military and related manpower problems in 
the Government, presented an over-all pic- 
ture regarding the regulations governing the 
selection of persons having critical skills for 
enlistment in units of the Ready Reserve of 
the Armed Forces on approval six-months’ 
active-duty training program. 


Science 


They assured 
engineers in industry that the Government 
was concerned and co-operate in 
maintaining the country’s lead in developing 
scientists and engineers. 


would 


The realism of the reserve program, in the 
light of present conditions and future dan- 
gers, was emphasized in the talk by C. L. 
Burgess, Assistant Secretary of Defense for 
Manpower and Personnel. He pointed out 
that the program provides greater flexibility 
of choice for young people and a more 
equitable sharing of the military obligation, 
as well as a greater degree of predictability 
for industry. Maj. Gen. L. B. Hershey, 
Director of Selective Service System, said 
that regarding the selection of those for 
Ready Reserve, we should “add generosity to 
the rules when they apply to persons with 
technological knowledge.” Brig. Gen. C. S. 
Dargusch, assistant director for manpower, 
Office of Defense Mobilization (ODM), dis- 
cussed the responsibility of the ODM in 
connection with specialized personnel, such 
as engineers and scientists, “to give the 
United States and the free world the best 
possible chance of maintaining technological 
superiority”; however, that “such superi- 
ority is by no means guaranteed” unless “‘a 
major, imaginative, and sustained effort is 
made.” He seconds the suggestion of 
Director Arthur Flemming, ODM, that 
American enterprise establish immediately 
a fund of not less than $1 million annually 
to provide for honors and awards to indi- 
viduals who have distinguished themselves 
in studies or in contributions to science and 
engineering beneficial to the nation. Fol- 


lowing the presentation, questions were 
asked the speakers to clarify various provi- 


sions included in the Government’s program. 


Luncheon 


The luncheon speaker, F. H. Bowles, 
director of the College Entrance Examina- 
tion Board, presented, under the title 
“Brainpower—Our Greatest Asset,” a cur- 
rent picture of the relation of our nation’s 
brainpower potential to estimated needs. 
He warned that “we are running short of 
brainpower,” and presented the results of a 
study recently completed on undeveloped 
brainpower, which indicated that an in- 
creasing amount of effort will be needed to 
encourage the education of this ever dimin- 
ishing potential group, but “so long as this is 
a question that is of equal concern to busi- 
ness, industry, and education, the prognosis, 
both for our youth and our nation, is favor- 
able.” 


Engineering Manpower 


The theme of the Thursday afternoon 
session was “Extending Engineering Man- 
power by Utilizing Balanced Teams of 
Engineers and Engineering Technicians.” 
The training of the relatively new occupa- 
tional group of engineering technicians and 
their place in industry were considered by 
representatives of the electrical, automotive, 
aircraft, construction, petroleum, and chemi- 
cal industries. Dr. M. M. Boring, chair- 
man, Engineering Manpower Commission 
(EMC), was chairman of the session. 

Dr. E, A. Walker, dean, College of Engi- 
neering, Pennsylvania State University, 
spoke on “Preparation and Relative Capa- 
bilities of Engineers and Engineering Tech- 
nicians,”’ and described the two-year training 
program of engineering aids in comparison 
to the regular engineering course at Penn- 
sylvania State University. Dr. L. E. 
Saline, manager, Headquarters Recruiting, 
General Electric (GE) Company, in his talk, 
“Recruitment, Training, and Placement of 
Technical Institute Graduates—A Centrally 
Controlled Program,” said that GE has had a 
technician program since 1946, for supplying 
supporting members to technical teams; he 
outlined the three phases of the program, 
including recruitment, orientation, and 
placement. Dr. S. W. Hewald, engineering 
manager, Air Arm Division, Westinghouse 
Electric Corporation, discussed “Planning 
the Ideal Engineer-Engineering Technician 
Team in a New Engineering Department” 
describing the organization of one particular 
electronics department at Westinghouse in 
1951 in which engineers and technicians 
work together; it described also the use of 
technicians for special services departments. 

This was followed by a series of short 
presentations on the specific methods used to 
achieve an efficient engineer-engineering 
technician team in _ various industries. 
Leon DeMause, administrative engineer, 
Cadillac Motor Division, General Motors 
Corporation, presented an _ organization 
chart of divisions at General Motors, showing 
the special areas for consolidation of engi- 
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neering services in which technicians are 
used. J. C. Sanders, staff engineer, engi- 
neering department, Boeing Airplane Com- 
pany, discussed the use of a semitechnical 
force at Boeing for drafting, computations, 
and data taking, as well as the drafting 
training program. Donald Rollins, vice- 
president in charge of engineering, American 
Bridge Division, United States Steel Corpo- 
ration, described how the heavy construction 
industry uses engineering assistants for 
surveying, detail plan drawing, and many 
other assignments; that 62 per cent of those 
in the engineering department are tech- 
nicians. R. F. Baldaste, administrative 
director, Whiting Laboratories, Standard Oil 
of Indiana, said that technicians are per- 
forming more and more jobs previously per- 
formed by engineers, and are used in some 
areas in all but supervisory work. Dr. John 
Volpe, commissioner of public works, Com- 
monwealth of Massachusetts, said that 
approximately one third of the employees are 
semitechnical graduates, and that rotation of 
duties is important. 

At the end of the program a discussion 
period permitted the presentation of indi- 
vidual problems, which included the possible 
advancement of technicians to managerial 
positions, the standardization of procedures 
and equipment as aids to technicians, and 
the shortage of engineering manpower be- 
cause of compulsory retirement. 


Growth Pattern of the Engineer 


A highlight of the meeting was Friday 
morning’s discussion of the growth pattern 
of the engineer. Panel moderator was S. D. 
Kirkpatrick, McGraw-Hill Book Company. 
The educator’s viewpoint was discussed by 
Dean M. P. O’Brien, chairman, department 
of engineering, University of California, who 
said that from among the engineering 
graduates “industry obtains qualified man- 
agers and the graduates obtain positions 
which fit their interests and aptitudes,” 
although “admission requirements and the 
curricula of engineering schools generally 
aim to prepare their students for develop- 
ment and design.”” He commented on the 
fact that an investigation of the productivity 
of England and the United States in 1949 
showed our greater productivity to lie 
mainly in our greater number of technical 
school graduates in industry. 

The employee’s viewpoint was given by 
Robert Nelsen, General Electric Company, 
who said each engineer should chart his 
progress into three phases in professional 
development, namely: technical accom- 
plishments, personal growth, and commun- 
ity affairs participation; he gave a number 
of criteria for evaluating progress. 

The industrial aspects from the employer’s 
viewpoint was presented by J. H. Taylor, 
director of industrial relations, Proctor and 
Gamble, who stated that some inhibitors to 
the growth of young engineers, over which an 
employer may have some control, are the 
assignment to noncreative nontechnical 
jobs, isolation from areas in which manage- 
ment concepts are evolved, and treatment 
as a member of an unidentified mass; he 
gave steps employers might take to alleviate 
conflicts. 


‘ 


Human problems in engineering from a 
broader viewpoint were discussed by Earl 
Brunner, management consultant of Rogers, 
Slade, and Hill, who enumerated five 
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Above: 


Engineering Institute of Canada. Below left: 


Neubauer, vice-president of the New York Section; R. M. Blough, chairman 


phases on which professional status, as con- 
firmed by others, depends: title, scientific 
reputation, social regards, material rewards, 
and cultural sensitivity; he said that direct 
action to acquire status defeats itself. 
Questions asked of the speakers at the 
close of the session brought out the facts that 
an engineering education is of great value in 
the development of a scientific viewpoint, 
that from two to four years are needed to 
determine whether a young engineer is more 
valuable in management or in design, and 
that industry should feel obligated to supply 
schools with instructors on a part-time basis. 


Luncheon 


At the luncheon on Friday, Dr. S. C. 
Hollister, dean, School of Enginereing, 
Cornell University, and a member of the 
Hoover Commission, spoke on the “Major 
Findings of the Hoover Commission.” He 
said that competition between Government 
agencies and private enterprise is made 
increasingly unfair because of the higher 
income taxes now imposed and “there 
appears no present indication that agencies 
are trying to level off in size,” which has 
resulted in ‘‘inadequate accounting, lack of 
inventory, wide confusion, hidden subsidies, 
conflict of objectives, and the attendant 
duplication and waste.” In conclusion he 
said that “none of the achievements recom- 
mended by the commission will come about 
if the citizens of the country sit on the side- 
lines. We have the biggest and most 
expensive Government in the world. We 
are on trial to see whether we can make it 
effective without its becoming our master.” 


Hoover Commission Reports 
The Friday afternoon session was devoted 
to a presentation of ““The Hoover Commis- 
sion Reports—A Review of the Engineering 
Aspects.” Dr. Mervin Kelley, president, 
Bell Telephone Laboratories, discussed the 
“Research and Development”’ aspects. 
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M. D. Hooven (center) president of the AIEE, greets Dr. R. E. 
Heartz (left), president, and L. A. Wright, general secretary, of the 


left to right are J. P. 
afternoon tea. 


Adm. "Ben Moreell, board chairman, Jones 
and Laughlin Steel Company, and chairman 
of the Task Force on Water Resources and 
Power of the Hoover Commission, discussed 
the water resources and power aspect. The 
commission had been authorized to enter the 
field of policy, and to determine whether a 
function was being performed efficiently, or 
even to recommend the elimination of a 
function. Four areas were covered and re- 
ported on by the Task Force on Water 
Resources Power, namely: power 
generation and distribution, reclamation and 
water supply, flood control, and improve- 
ments to water navigation. 


and 


Dinner 


At the annual dinner on Friday evening, 
Dean Thorndike Saville, retiring president 
of Engineers Joint Council (EJC), addressed 
the general assembly. W. L. Cisler, presi- 
dent of the Detroit Edison Company, guest 
speaker, gave an appraisal of the social 
significance of atomic power in a talk on 
“A World Look at Usefulness of Nuclear 
Power.” He expressed confidence that 
atomic energy ultimately would bring about 
industrialization and better living for people 
in underdeveloped areas, and said that 
“throughout the world, human progress and 
the utilization of energy go hand in hand.” 


However, he emphasized that a number of 


limiting factors in atomic energy develop- 
ment must be considered. 


Industrial Control Conference 
To Be Held in Boston, Mass. 


The AIEE conference on New Develop- 
ments in Instrumentation for Industrial Con- 
trol will be held in Boston, Mass., April 
26-27. 

The introduction to the technical program 
will be made by R. J. Jeffries of the Schlum- 
berger Instrument Company. 
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Below right: 


HIGHLIGHTS 


Winter Meeting 


of the board of United States Steel Corporation, keynote speaker; M. D. 
Hooven; and A. J. Cooper, chairman of the General Committee of the 
Winter General Meeting. 


Below center: Members enjoying the Sunday 


The registration room at the Statler. 


The tentative technical program is as follows: 


Session I 


Information Display and Recording 
Chairman: P. A. Borden (Ret.), Bristol Com; 


The Human Bottleneck in Data Systems. 3B. S 


Benson, Benson-Lehner Corporation 


The Dynamics of Electronic Self-Balancing Systems. 
G. R. Jacob, Brown Instruments Division, Minneapolis- 
Honeywell Regulator Company 


A New Type Recorder Mechanism. R&. C. Langford, 
Weston Electrical Instrument Corporation 
A New Concept in Display and Recording. 


Peterson, Radiation, Inc. 


A Novel Character Display Storage 
Smith, Hughes Aircraft Company 


Tube. 


Session II 


Automatic Data Handling Systems 


Chairman 


A. J. Hornfeck, Bailey Meter Company 


Modern Scanning, Monitoring, Display, and Circuitry 
Techniques in Plant Data Systems. To Be An- 
nounced) Panellit, Inc 


Analogue-to-Digital Conversion; Telemetering Needs 
and Techniques for Modern Production and Re- 
search. C. P. Spaulding, G. M. Giannini and Company 


Transducer-Transmitters for Modern Data Systems. 
J. V. Werme and W. F. Newbold, 
Division, Minneapolis-Honeywell 


Brown Instruments 
Regulator ¢ ny 
A New System for Analogue Acquisition and Digital 


Processing of Data. William 


Electrodynamics Corporation 


Kneer ( lidated 


New Developments in Radio Telemetry Systems. 


G. S. Shaw, Radiation, Inc. 


Session III 


Advanced 
Industry 


Instrumentation Systems 
Chairman W. H. Howe, Foxboro C 


Advanced Data System in the Atomic Industry. 
Hannula and W. H. Howe, Foxboro Company 


Advanced Data System in the Aircraft Industry. 
W. P. Hamilton, Leeds and Northrup Company 
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Advanced Data System in the Chemical Industry. 
T. M. Vick-Roy, E. 1. du Pont de Nemours Company 
(Inc.) 


Advanced Data System in the Power Industry. G. M. 
Keyser, The Hydro-Electric Power Commission of Canada 


New System for Wind Recording and Controlling. 
R. B. Colt, Bendix Aviation Corporation 


Session IV 
Computer-Controlled Systems for Industry 


Chairman: J. W. Percy, U. S. Steel Corporation 


Operations Research and Computer Control. L. G. 
Peck, Arthur D. Little Company 


Optimized Utility Operations. (Te Be Announced) 
General Electric Company 


Suggestions for and Development of Self-Determining 
Computer-Control Systems. H. Z:ebolz, Askania Regu- 
lator Company 


Solid State Devices Versus Tubes for Computer- 
Controlled Systems. N. B. Nichols, Raytheon Manu- 


facturing Company 


American Power Conference 
Will Be Held in Chicago in March 


The American Power Conference, spon- 
sored by the Illinois Institute of Technology 
in co-operation with 13 universities and 10 
local and national engineering societies, will 
be held March 21-23, at the Sherman Hotel, 
in Chicago. 

The purpose of the conference is to provide 
a forum for the exchange of information in 
the fields of power generation, transmission, 
distribution, and utilization. 

There will be 24 technical sessions, 4 of 
which will be devoted to water technology. 
Luncheons will be held on each day of the 
conference with featured speakers and an 
All Engineers Dinner will be held Thursday 
evening at which J. T, Rettaliata, president 
of the Illinois Institute of Technology will be 
the principal speaker. 

All interested persons are cordially invited 
to attend. Registration information may be 
obtained from Dr. E. R. Whitehead, Secre- 
tary, American Power Conference, Illinois 
Institute of Technology, Chicago 16, II. 

rhe tentative technical program of the 
American Power Conference follows 


Wednesday, March 21 
9:00 a.m. Registration 


10:00 a.m. Opening Meeting 


Chairman: J. H. Ward, Commonwealth Edison Com- 
pany; Co-Chairman: D. H. Loughridge, North- 
western University 

Invocation 


Power Makes the Difference. &. S. Stevenson, Allis- 
Chalmers Manufacturing Company 


(To be announced) Hon. C. A. Davis, Under Secretary 
of the Interior, Washington, D. C. 


12:15 p.m. American Power Conference 


Luncheon 

Sponsored by the American Society of Mechanical 
Engineers (ASME) 

(To be announced) 


Chairman: 


Co-Chairman: 
Company 


J. N. Wognum, ASME, and Acme Steel 


The Electric Industry in This Year of Decision. 
Harllee Branch, Jr., Edison Electric Institute, and 
Georgia Power Company 

2:00 p.m. Central Station Steam Gener- 
ators 


Chairman H. L. Solberg, Purdue University; Co- 
N. A. Hall, New York University 


Chairman 


High Capacity Two-Furnace Boilers. E. M. Powell, 


Combustion Engineering, Inc. 

Supercharged Boiler Design Development and 
Application. E. L. Daman and R. F. Zoschak, Foster 
Wheeler Corporation 


Hydroelectric Power Development 


Chairman: B. G. Elliott, University of Wisconsin; 
Co-Chairman: R. L. Young, Northwestern University 
Underground Hydroelectric Stations in Brazil. <A. J. 
Ackerman, Consulting Engineer 

The Wisconsin River—The Hardest Working River 
in the Nation. M. W. Kyler, Wisconsin Valley Im- 
provement Company 


Gas Turbine Power Plants 


Chairman: J. I. Yellott, Stanford Research Institute; 
Co-Chairman: B.G. A. Skrotzky, Power Magazine 


(To be announced) 


Thermodynamic Performance and Design of Com- 
bined Steam-Gas Turbine Power Plants. J. W. 
Mann, General Electric Company 


Gas Turbines for Peak Load Generation on a Large 
Utility System. W. D. Marsh and C. M. Wright, General 
Electric Company 


Electrical Distribution 
Sponsored by Power Group, Chicago Section, AIEE 


Chairman Harold Kirk, AIEE, Public Service Divi- 
sion of Commonwealth Edison Company; Co-Chair- 
man: H. L. Hoeppner, Pioneer Service and Engi- 
neering Company 


Importance of Distribution Systems. C 
Kansas City Power and Light Company 


M. Lytle, 


Economic Loading of Distribution Transformers. 
C. F. Mitchell, Commonwealth Edison Company 


3:30 p.m. Steam Generators—Removal 
and Disposal of Slag and Fly Ash 


Sponsored by Power Group, Chicago Section, ASME 


Chairman: N. L. Markezich, ASME, and Common- 
wealth Edison Compeny; Co-Chairman: J. T. 
Anderson, Michigan State College 


Chemical Treatment for Fireside Deposit Prevention 
in Coal Fired Furnace. Harris Thompson, National 
Aluminate Corporation 


Fly Ash and Slag—Materials of Value. 


Commonwealth Edison Company 


R. B. Freston, 


Electric Power Stations 


Chairman: W. A. Lewis, Illinois Institute of Tech- 
nology; Co-Chairman: F. V. Smith, Sargent and 
Lundy, Engineers 


Economics of Replacement of Generator Capacity. 
L. B. LeVesconte, Sargent and Lundy, Engineers 


Major Auxiliary Drive Motors in Steam Electric 
Power Plants. A. E. Beardmore, General Electric 
Company 


7:30 p.m. Nuclear Energy Forum 


Chairman: R. D. Maxson, Commonwealth Edison 
Company; Co-Chairman: L. C. McCabe, Resources 
Research, Inc. 


An interesting program is being arranged to help keep 
engineers and executives in the power industry up to date 
on the latest developments in the field of nuclear energy 
for power production. A panel of four prominent 
speakers will participate, after which questions from the 
floor will be answered. The fields to be covered are: 
role of Government in nuclear power development, role 
of industry in nuclear power development, research in 
nuclear power, and problems of insurance of nuclear 
power plants. 


Speakers to be announced. 


Thursday, March 22 


9:00a.m. Electrical Industrial Systems 


Sponsored by Industrial Group, Chicago Section, AIEE. 
Chairman: J. N. Banky, AIEE, and Allis-Chalmers 
Manufacturing Company Co-Chairman: M. S. 
Helm, University of Illinois 


Problems in Cable Selection. E. E. MclIlveen, Okonite 


Company 
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Corrosion of Piping and Conduits in Industrial Plants. 
R. M. Wainwright and D. P. Price, University of Illinois 
Utilization of 400 Cycles, 1,000 Volts in Industrial 
Power Plants. V.C. Geckler, General Motors Corpora- 
tion 

Motor Starting Problems on Industria! Distribution 
Systems. H. W. Cory, Allis-Chalmers Manufacturing 
Company 


12:15 p.m. 
Luncheon 


American Power Conference 


Sponsored by the AIEE 


Chairman: M. D. Hooven, President, AIEE, Public 
Service Electric and Gas Company; Co-Chairman: 
R. B. Gear, AIEE, and Commonwealth Edison Com- 
pany 
Speaker: H.D. Vogel, Tennessee Valley Authority 
2:00 p.m. 
Voltages 


Symposium on Secondary 


Chairman: A. D. Caskey, Commonwealth Edison 
Company; Co-Chairman: L. M. Haupt, Agricultural 
and Mechanical College of Texas 


Economics of 240/480 Volts as Residential Utilization 
Voltage. D. K. Blake, General Electric Company 


Higher Secondary Voltages—A Solution to Future 
Residential Distribution. 2. F. Lawrence, Westinghouse 
Electric Corporation 


Discussions. Engineers from Baltimore Gas and Elec- 
tric Company, Cleveland Electric Illuminating Com- 
pany, Detroit Edison Company, Philadelphia Electric 
Company, and other utility companies. 


Air Pollution Session 


Chairman: G. N. Hawley, Southern California Edison 
Company; Co-Chairman: M. A. Elliott, Illinois 
Institute of Technology 


Significance of Sulfur Dioxide as an Air Contaminant. 
L. C. McCabe, Resources Research, Inc. 


Implications of Current Air Pollution Legislation. 
F.S. Mallette, American Society of Mechanical Engineers 


Air Pollution Research. W. L. Faith, Air Pollution 
Foundation 
6:45 p.m. 


Entertainment: University of Wisconsin Glee Club, 
Warren Wooldrige, director. 


All Engineers Dinner 


Speaker 
nology 


J. T. Rettaliata, Illinois Institute of Tech- 


Friday, March 23 


9:00 a.m. Industrial Power Plants 


Chairman: 
Chairman: 


M. P. Cleghorn, Iowa State College. Co- 
W. E. Ibele, University of Minnesota 


Some Features of a Recently Constructed Pulp Mill 
Power Plant. E£. J. Martin, The Procter and Gamble 
Company 

Linden Generating Station—A Large Scale Exchange 


of Extraction Steam for Refinery Residual Fuel. 
F. P. Fairchild, Public Service Electric and Gas Company 


Experience with Centralized Control of a Three-Unit 
Boiler Installation. G. F. Hof and L. C. Laird, Corn 
Products Refining Company 


9:00 a.m. 
Sponsored by 
AIEE. 


Chairman: H. L. Messerschmidt, AIEE, Western 
Electric Company; Co-Chairman: A. W. Kramer, 
Power Engineering 


Electronic Applications 


Electronics Group, Chicago Section, 


Fault Location Experience Using Current Ratio 
Method. M. J. Lantz, Bonneville Power Administration 


The Cryoton, a Superconductive Electronic Com- 
ponent. D. A. Buck, Lincoln Laboratory 


10:30 a.m. Transmission Systems 


Chairman: E. T. B. Gross, Illinois Institute of Tech- 


nology; Co-Chairman: E. L. Nicolson, General 
Electric Company 
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The Case for Extra-High Transmission Voltage on 
American Power Systems. H. W. Collins, The Detroit 
Edison Company 


Recent Radio Interference Investigations. G. E 


Adams, General Electric Company 


12:15 p.m. American Power Conference 


Luncheon 


Sponsored by Western Society of Engineers 


Chairman: 
Co-Chairman: 
nology 


A. P. Boysen, American Bridge Company; 
F. D. Carvin, Illinois Institute of Tech- 


Speaker: John Jirgal, Second Hoover Commission, 
and Public Utility Financial Consultant 


2:00 p.m, 
Analyzers 


Computers and Network 


Chairman: E. C. Starr, Bonneville Power Administra- 
tion; Co-Chairman: E. B. Eggers, Illinois Institute of 
Technology 


Application of Economic Dispatch Computers to 
Power Systems. H. W. Colborn, West Penn Power 
Company; R. T. Byerly and R. B. Squires, Westinghouse 
Electric Corporation 


A New Concept in Automatic Dispatching. R. E 


Franck, General Electric Company 


Application of Digital Computers in Power System 
Analysis. P. L. Dandeno, The Hydro-Electric Power 
Commission of Ontario, Toronto, Ont., Canada 


New Operating Methods Speed Up Network Com- 
puter. W. E. Enns, Portland General Electric Com- 
pany; and R. C. Reupach, Electronic Contractors, Inc. 


Nuclear Power 


J. C. Boyce, Ulinois Institute of Tech- 
Stuart McLain, Argonne 


Chairman: 
nology; Co-Chairman: 
National Laboratory 


Special Engineering Features in Design of the Ex- 
perimental Boiling Water Reactor Plant. A. Kolflat, 
Sargent and Lundy, Engineers 


Design Review of 10,000-Kw Boiling Water Nuclear 
Power Plant. Howard Grantz, General Electric Com- 
pany 


Second ECPD Engineering 
Training Booklet Published 


The Industry Training Committee of the 
Detroit Area, Engineers’ Council for Profes- 
sional Development (ECPD) has published 
a booklet, the second in a series, entitled 
‘Detroit Industry Engineering Training 
Program.” This booklet, on orientation and 
training in industry of young graduate engi- 
neers during the first five years of their em- 
ployment, is a continuation of the program 
started in Cincinnati and mentioned in the 
22nd Annual Report (1953-54) of the Engi- 
neers’ Council for Professional Development 
The general purpose and objectives of this 
program were described in the first booklet 
of the series. 

The participating societies of this program 
are the AIEE, the American Society of Civil 
Engineers, the American Institute of Chemi- 
cal Engineers, the American Institute of 
Mining and Metallurgieal Engineers, the 
Engineering Institute of Canada, the Ameri- 
can Society of Mechanical Engineers, the 
American Society for Engineering Educa- 
tion, and the National Council of State 
Boards of Engineering Examiners. 

Correspondence regarding the booklets or 
the program should be addressed to: Indus- 
try Training Committee, Engineering Scci- 
ety of Detroit, 100 Farnsworth Avenue, 
Detroit 2, Mich. 
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Chang 


Sources of High Power Factor in Dry-Type Transformers. G. A. 


Monito, L. B. Rademacher 


Field Tests of Response of Excitation System for a Synchronous Con- 


denser. A. N. Eliasen 


Equivalence Theorems, Analysis, and Synthesis of Single-Phase In- 
duction Motors with Multiple Nonquadrature Windings. S. S. L. 


Conference Papers Open for Discussion 


Conference papers listed below have been accepted for AIEE Transactions and are 
now open for written discussion until March 30. 
written copies of each discussion should be sent to Edward C. Day, Assistant Secre- 
tary for Technical Papers, American Institute of Electrical Engineers, 33 West 39th 
Street, New York 18, N. Y., on or before March 30. 


Duplicate double-spaced type- 





Operation of Large Synchronous Generators in the Dynamic Stability 
Region with a Modern Amplidyne Voltage Regulator. PartI. Recom- 
mendations for Setting the Underexcited Reactive-Ampere Limit. 


R. A. Phillips, A. S. Rubenstein 


Operation of Large Synchronous Generators in the Dynamic Stability 
Region with a Modern Amplidyne Voltage Regulator. Part II. Oper- 


ating Tests and Analytical Studies. 


R. A. Phillips 
56-170 


Higher Voltage Primary Distribution. 


K. R. McClymont, P. L. Dandeno, 


A. J. Pansini 


Preprints may be purchased at 40¢ each to members, 80¢ each to nonmembers, if 


accompanied by remittance or coupons. 
tance to: 


Please order by number and send remit- 
AIEE Order Department, 33 West 39th Street, New York 38, N. ¥ 





Magnetic Amplifiers Conference 
To Be Held in Syracuse, N. Y. 


A Special Technical Conference and 
Exhibit on Magnetic Amplifiers, cosponsored 
by the AIEE Committee on Magnetic 
Amplifiers, the Institute of Radio Engineers 
(IRE) Professional Group on Industrial 
Electronics, and the Instrument Society of 
America (ISA), Central New York Section, 
will be held in Syracuse, N. Y., at the Syra- 
cuse Hotel on April 5 and 6. Technical 
sessions, a manufacturers’ exhibit of mag- 
netic amplifiers, components, and associated 
products, and a banquet on Thursday 
evening, April 5, are planned. Dr. O. G. 
Haywood, Director of Sylvania Electric 
Waltham Laboratories, Waltham, Mass. 
will be the banquet speaker. 

The first technical session will be tutorial 
in nature and will consist of four papers by 
invited speakers who are well-known authori- 
ties in their respective fields. 

The remaining three technical sessions 
will each consist of papers chosen from those 
submitted to the Technical Program Com- 
mittee and will cover the subjects of ma- 
terials, components, theory, and application. 

The committees are as follows: Steering 
Committee, C. F. Spitzer, H. W. Lord, and 
A. B. Haines; Technical Program, P. L. 
Schmidt; Publications, David Feldman; 
Hotel Arrangements, John Becker; Regis- 
tration, August Haedecke; Finance, J. W. 
Munnis; Publicity, F. J. Lingel; Co- 
ordination, C. F. Spitzer; Exhibits, Samuel 
Seeley. 

The registration fee for the conference will 
be $3 and the cost of the banquet Thursday 
evening will be $5 per plate. Papers pre- 
sented at the conference will be published 
subsequent to the conference in the Report 
of the Special Technical Conference and 
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will be available at $4 each if ordered in 
advance, or at the conference. Exhibit 
space can be obtained at a cost of $2.50 per 
square foot. The usual booth size is 6 feet by 
8 feet or 6 feet by 10 feet. This charge 
includes the booth, background curtains, a 
table, and chairs. Manufacturers desiring 
exhibit space are invited to contact S. Seeley, 
Department of Electrical Engineering, Syra- 
cuse University, Syracuse, N. Y. For other 
information write C. F. Spitzer, Building 3, 
General Electric Company, Electronics Park, 
Syracuse, N. Y. 

The tentative technical program for the 
conference is as follows: 


Session I 
Paul Schmidt, Chairman; John E. Hart, Co-chairman 


1. A General Introduction to the Theory of Magnetic 
Amplifiers, W.C. Johnson, Princeton University 


2. Recent Advances in the Theory of Magnetic, 
Amplifiers, R. Barker, Yale University 


3. Fundamentals of the Magnetization Processes, 
Charles Bean, General Electric Company 


4. Present Methods of Core Evaluation, Matching, 
and Grading, R. W. Roberts, Westinghouse Electrix 
Corporation 


Session II 


August Haedecke, Chairman; W. E. Good, 


chairman 


1. Core and Lamination Shape Factors in Magnetic- 
Amplifier Design, H. R. Brownell, Magnetic Metals 
Company 


2. An Analysis of Magnetic Amplifiers in Push-Pull, 
L. A. Finzi and D. L. Critchlow, Carnegie Institute of 
Technology 


3. Design Criteria for a Practical Flux-Reset Core 
Tester, J R. Jaquet, Westinghouse Electric Corporation 


4. A Sensitive Single-Turn Hysteresis Loop Tester, 
F. Bernstein, T. H. Bonn, and R. D. Torrey, Sperry-Rand 





5. Correlation of Hysteresis Loops, Core Tests, and 
Magnetic-Amplifier Control Characteristics, W. J 
Muldoon, General Electric Company 


Session III 
Fred Lingel, Chairman; John Becker, Co-chairman 


1. Magnetic Amplifier Controlled Regulated Recti- 
fiers, H. L. Goldstein and R. J. Lowell, Bell Telephone 
Laboratories, Inc. 


2. Regulated Power Supplies with Silicon Junction 


Reference, D. Scorgie, Westinghouse Electric Corpora- 
tion 


3. A75-Kw Magnetic Amplifier, X. Ensiein, University 
of Rochester 


4. A High Temperature Regulated D-C Power 
Supply for Aircraft, R. G. Engman, R. E. King, Westing- 
house Electric Corporation 


5. Half Cycle Response Magnetic Amplifiers with 
Transistor Driver for Voltage Regulation, E. Fthenakis, 
Bell Telephone Laboratories, Inc. 


Session IV 


Dr. Samuel Seeley, Chairman; Norman Balabanian, 
Co-chairman 


1. A Magnetic Voltage Reference, E. W. 
R. O. MeCary, General Electric Company 


Manteuffel 


e 


2. Capacitively Coupled Magnetic Amplifiers, 1. W 
Collins, Westinghouse Electric Corporation 

60-Cycle Self-Balancing Magnetic Servo Ampli- 
fier, 1. A. Geyger, Naval Ordnance Laboratory 


4. Magnetic Arbitrary Wave-Form 
C. B. House, Naval Research Laboratory 


Generator, 


5. Magnetic Amplifiers for the Control of Servo 
Motors, A. R. Perrins, Yale University 


Electronic Components 
Symposium, Washington, D. C. 


A comprehensive review of accomplish- 
ments in the electronic components field and 
a survey of future trends will highlight the 
1956 Electronic Components Symposium 
which is scheduled to be held in Washington, 
D. C., May 1-3. This is the seventh in a 
series of annual technical meetings devoted 
to electronic components. 

The theme of the three-day meeting is 
to be ‘““Components—Accomplishments and 
lop flight industry and Govern- 
ment engineers and scientists will deliver 
technical papers covering present and future 
developments of a variety of electronic com- 
ponents, Arrangements for the 1956 Sym- 
posium are under the direction of A. W. 
Rogers, U. S. Signal Corps. The 
technical program is being developed under 
the supervision of P. S. Darnell, Bell Tele- 


Trends.” 


Army 


phone Laboratories, Inc. 

Sponsored by the AIEE, The Institute of 
Radio Engineers, the Radio-Electronics- 
Television Manufacturers Association, and 
the West Coast Electronic Manufacturers 
Association with the active participation of 
the Department of Defense and the National 
Bureau of Standards, the three-day program 
will be divided into seven sessions, including 
an evening session devoted to electron tubes 
and solid-state devices. 

Ihe opening session on Tuesday, May 1, 
will be of a general nature and will include 
addresses by leading industry and Govern- 
ment authorities from the United States, 
England, and Canada. 

Approximately six speakers will be heard 
during each of the following seven sessions: 
Opening, Progress with Materials, Theory 
and Operating Principles, Instrumentation 
and Measurements, Electron Tubes and 
Solid-State Devices (evening), and two ses- 
sions on Passive Components. 
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Official Nominees Announced 
for 1956 AIEE National Election 


M. S. Coover, head of the Electrical Engi- 
neering Department, Iowa State University, 
Ames, Iowa, was nominated for the AIEE 
presidency by the AIEE Nominating Com- 
mittee at its meeting held in New York, 
N. Y., January 30, 1956. Others nominated 
for election to Institute offices for terms be- 
ginning August 1, 1956 are: 


For Vice-Presidents: 

D. E. Garr, assistant division engineer, 
General Engineering Laboratory, General 
Electric Company, Schenectady, N. Y. 
(District 7) 

L. F. Stone, engineer, Apparatus Sales Office, 
General Electric Company, Newark, N. J. 
( District 3) 

J. H. Foote, president, Commonwealth 
Services, Inc., Jackson, Mich. (District 5) 
N. F. Rode, professor of electrical engineer- 
ing, Texas Agricultural and Mechanical 
College, College Station, Tex. (District 7) 
M. M. Ewell, manager, Engineering and 
Service Department, Westinghouse Electric 
Corporation, Portland, Ore. (District 9) 
H. H. Kerr, vice-president in charge of oper- 
ations, Toledo Edison Company, Toledo, 
Ohio. (District 77) 


For Directors: 

W. R. Brownlee, Southern Services, Inc., 
Birmingham, Ala. 

A. A. Johnson, engineering manager, Switch- 
gear Division, Westinghouse Electric Cor- 
poration, Pittsburgh, Pa. 

L. M. Robertson, chief electrical engineer, 
Public Service Company of Colorado, Den- 
ver, Colo. 


Renominated for Treasurer: 
W. J. Barrett, New Jersey Bell Telephone, 
Newark, N. J. 

The Nominating Committee, in accord- 
ance with the Constitution and Bylaws, con- 
sists of 20 members: 1 selected by the execu- 
tive committee of each of the 10 geographical 
Districts, 1 selected by each of the 5 technical 
divisions, and 5 selected by the Board of 
Directors from its own membership. 

The Constitution and Bylaws of the In- 
stitute require publication in Electrical 
Engineering of the nominations made by the 
Nominating Committee. Provision is made 
for independent nominations as indicated in 
the following excerpts from the Constitution 
and Bylaws: 


Constitution: Article VI, Section 33. Inde- 
pendent nominations may be made by a 
petition of twenty-five (25) or more corporate 
members sent to the Secretary when and as 
provided in the Bylaws; such petitions for the 
nomination of Vice-Presidents shall be 
signed only by members within the District 
concerned, 


3ylaws: Section 28. Petitions proposing the 
names of candidates as independent nomina- 
tions for the various offices to be filled at the 
ensuing election, in accordance with Article 
VI, Section 33 (Constitution), must be 
received by the secretary of the Nominating 
Committee not later than March 25 of each 
year, to be placed before that committee for 
the inclusion in the ballot of such candidates 
as are eligible. 

On the ballot prepared by the Nominating 
Committee in accordance with Article VI 
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of the Constitution and sent by the secretary 
to all qualified voters on or before April 15 
of each year, the names of the candidates 
shall be grouped alphabetically under the 
name of the office for which each is a candi- 
date, 

A list of members of the Nominating 
Committee appeared in the January issue 
of Electrical Engineering, p. 85. 

To enable those Institute members not 
acquainted personally with the nominees 
to learn something about their engineering 
careers and their qualifications for the In- 
stitute offices to which they have been nomi- 
nated, brief biographic sketches are sched- 
uled for inclusion in the ‘‘AIEE Personalities” 
columns of the April issue. 


Textile Industry Electrical 
Application Conference March 1-2 


The 1956 Conference on the Electrical 
Application for the Textile Industry, sched- 
uled for March 1 and 2, will be held in the 
auditorium of the Hightower Textile Build- 
ing in Atlanta, Ga. 

The Conference committee is as follows: 
S. A. Bobe, Westinghouse Electric Corpora- 
tion; H. S. Colbath, Bibb Manufacturing 
Company; Swaffield Cowan, Factory Insur- 
ance Association; H. A. Dickert, A. French, 
Georgia Institute of Technology; R. B. 
Flowers, General Electric Company; R. S. 
Gardner, American Institute of Electrical 
Engineers; R. H. Hanson, Cutler-Hammer, 
Inc.; C. H. Hudson, General Electric Com- 
pany; Dan McConnell, Cone Mills; J. T. 
Meador, Southern Electric Service Company, 
Inc.; V. P. Sepavich, Chairman, AIEE 
Textile Subcommittee; J. W. Ward, Avon- 
dale Mills. 

The tentative technical program for the 
conference is as follows: 


Thursday, March 1 


9:00 a.m. Registration at Hightower Tex- 


tile Building 


10:00 a.m. Morning Session 


Presiding Victor Sepavich, Chairman, AIEE Textile 
Subcommittee 
Welcoming Address. 38. R. VanLeer, Georgia Institute 
of Technology 


Report on “Proposed Recommended Practices for 
Electrical Installation on Textile Machinery.’’ &. H 
Clark, Warner and Swasey Company 


What Management Expects of Its General Engineer. 
Herman Granberry, West Point Manufacturing Company 


Field Testing and Improvement of Dynamic Balance. 
Peter Davey, Vibroscope Company 


12:00 noon Discussion 


12:30 p.m. Recess for Lunch 


2:30 p.m. Afternoon Session 


Presiding H. S. Colbath, Bibb Manufacturing Com- 
pany 

What Is New in Lighting. £ 
tric Company 


A. Linsday, Genera] Elec- 


Electrical Testing Instruments. 2. S. White, Universal 
Winding Company 


4:15 p.m. Open Discussion 


ELECTRICAL ENGINEERING 





Social Hour, Atlanta Athletic 
Club 


6:30 p.m. 


7:30 p.m. Banquet 


(Speaker to be announced) 


Friday, March 2 


9:30 a.m. Morning Session 


Presiding: Swaffield Cowan, Factory Insurance Asso- 
ciation 

The Fundamentals of Electronics. F. O. Nottingham, 
Jr., Georgia Institute of Technology 


Why We Need Recommended Practices for Electric 
Installations on Textile Machinery. Swaffield Cowan, 
Factory Insurance Association 


11:00 a.m. Panel Discussion 


What Is Your Problem? 
Cone Mills Corporation 


Moderator, J. D. McConnall, 


A selected panel of engineers will be appointed to answer 
questions and discuss practical problems concerning tex- 
tile plant electrical installations and operations. Visitors 
are urged to bring their questions and participate in this 
important part of the program. 


World Power Conference 
Scheduled for June 17-23 


The Fifth World Power Conference will be 
held in Vienna, Austria, from the 17th to 
23rd of June. The theme selected for the 
Conference is ‘World Energy Resources in 
the Light of Recent Technical and Economic 
Developments.” 

The headquarters of the Conference is at 
the Konzerthaus, Vienna III., Lothringer- 
strasse 20. The offices of the Conference will 
open on Friday, June 15, 1956, at 8 a, m. 

The membership fee for participants is 
1,200 Austrian schillings. There are in- 
cluded in this price a set of the papers includ- 
ing the general reports and the Conference 
Journal. Members will be admitted: to all 
the technical sessions and to the social events 
held. 

Persons applying for membership of the 
Fifth World Power Conference must fill in a 
special form. It is requested that these 
forms, duly filled in be submitted to the Na- 
tional Committee of the World Power Con- 
ference or representative of the participant’s 
own country, together with the fee of 1,200 
Austrian schillings for participants and 500 
Austrian schillings for persons accompanying 
participants. The respective National Com- 
mittees and World Power Conference repre- 
sentatives are requested to forward all appli- 
cations and fees in bulk to the Austrian Na- 
tional Committee. 

Arrangements have been made for a num- 
ber of events to take place during the week of 
the Conference. These include the opening 
meeting, a reception given by the Austrian 
Government for the foreign visitors, special 
gala performances at the state theaters, and a 
typically Viennese evening entertainment at 
the Schénbrunn Palace. 

There will also be a number of tours to the 
various hydroelectric plants, thermal plants, 
and industrial establishments in Austria, and 
to hydroelectric plants situated in the frontier 
areas of Germany, Italy, and Yugoslavia. 
The itinerary has been chosen to provide for 
visits to places of historical interest and to 
give participants the opportunity of seeing 
some of Austria’s magnificent scenery. 
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During the Conference week there will be 
whole-day and half-day excursions to the 
power plants located in Vienna and its 
neighborhood. 

Whole-day and half-day trips through the 
immediate and more distant surroundings of 
Vienna, as well as conducted sightseeing tours 
of the city and visits to other places of inter- 
est, have been specially arranged for the 
ladies. 

Arrangements have been made for a num- 
ber of tours to power plants and other inter- 
esting installations in Austria, which will 
take place after the conclusion of the Con- 
ference. 
places of historical and cultural interest and 
the routes will lead through some of the most 
beautiful parts of Austria. In order to 
emphasize the significance of the Central 
European Power Distribution System, some 
of the tours will include visit to power plants 
located in the frontier areas of Germany, 
Italy, and Yugoslavia. 

The papers submitted to the Fifth World 
Power Conference will not be read at the 
technical sessions. This is to keep all the 
available time free for discussions. The 
General Reporter will give only a short in- 
troduction to the topic for discussion. 

Preprints of the papers submitted to the 
Conference and preprints of the general re- 
ports can only be forwarded to those partici- 
pants whose applications reach the Austrian 
National Committee by April 15, 1956, at 
the very latest in the case of those partici- 
pants living outside Europe, and April 30, 
in the case of those in European countries. 

The papers and general reports will be 
published in full in the complete bound 
“Transactions of the Fifth World Power 
Conference,” which will also contain sum- 
maries of the discussions, the Chronicle of the 
Conference, a list of participants, and an 
index. 

Judging by the number of papers received 
by November 15, 1955, it is thought pos- 
sible that about 300 papers will be dealt with 
under five divisions. 

For more detailed information on this 
Conference write to the United States Na- 
tional Committee World Power Conference, 
29 West 39th Street, New York 18, N. Y 


These tours also include visits to 


American Automation 
Research Expenditures to Increase 


Annual expenditures by American indus- 
try and Government for scientific research 
and development can be expected to increase 
at least 50 per cent during the coming 
decade. 

This belief was expressed by Dr. H. A 
Leedy, director of Armour Research Founda- 
tion of Illinois Institute of Technology, 
Chicago, in a year-end statement. 

Dr. Leedy cited a recent Federal Govern- 
ment forecast placing the country’s gross 
national product at $540 billion in 1965. 
He stated that research expenditures cur- 
rently amount to approximately $4 billion— 
1.1 per cent of the gross national product and 
if applied to the value of goods and services 
the United States is expected to produce in 
1956, a total research volume of about $6 
billion is indicated as being ‘“‘on the con- 
servative side.” 

He pointed out that for many years re- 
search and development expenditures have 
represented a steadily increasing percentage 
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of the gross national product, and that re- 
search appropriations have risen from 0.1 
per cent of the gross national product in 1920 
to 1.1 per cent in 1955. 

**A continuation of this trend,”’ he added, 
‘will increase research investments by many 
millions each year.” 

Dr. Leedy cited two major reasons for the 
steadily increasing industry interest in re- 
search: (1) growing realization that re- 
search “‘pays off handsomely” in sales and 
profits and (2) necessity to increase man- 
hour output because of a population that is 
rising faster than the labor force. 

He referred to U. S. Department of Com- 
merce figures which showed that the nation’s 
population has increased than 13 
per cent in the last 7 years, whereas the total 


more 


labor force has grown only 6.3 per cent in 
the same period, and a similar trend can be 
expected through the next decade or two. 
Research will be given added impetus as 
the result of recent developments in science, 
particularly in the atomic energy, electronic, 
aeronautical, and automation fields. 
Concerning the effect of automation on 
employment, Dr. Leedy believes automation 
will be a boon to mankind, and pointed 
out that it is coming at a time when the total 
population is increasing faster than the 
number of people available for productive 
work and, therefore, will result in a minimum 
of dislocations in business and industry. 
He feels, too, that automation will act as a 
deterrent to inflation 
always present in an expanding economy 
volume pro- 


which danger is 
by increasing efficiency in the 
duction of goods and services 


Howard Coonley Medal 
Awarded to H. S. Osborne 


Dr. H. S. Osborne, retired chief engineer, 
American Telephone and Telegraph Com- 
pany, received the Howard Coonley Medal 
for **. . . great service in advancing the 
national economy through voluntary stand- 
ards.”’ 
as president of the International Electro- 
technical Commission. In his acceptance 
address, Dr. Osborne stressed the need for the 
early development of standards both na- 
tionally and internationally. He 
mended that in new fields of work, interna- 
tional standards should be taken up at the 
same time as national standards. 


He was cited specifically for his work 


recom- 


COMMITTEE ACTIVITIES 


Editor’s Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Power Division 


Committee on Relays (Frank von Roesch- 
laub, Chairman; W. K. Sonnemann, Vice- 
Chairman; G. W. McKenna, Secretary). The 
subcommittees and project committees have 
been actively working on several projects of 
interest to relay engineers. Among these is 
a bibliography of relay literature, definitions 
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of relay performance terms and revisions to 
existing relay terminology, a brochure on the 
principles of transmission line relaying, and 
surveys of the usage of the newer types of 
generator protective relays and the general 
principles and practices of relaying in this 
country. 

A project committee is studying the pro- 
tection of pilot wires used in protective relay- 
ing in collaboration with the Pacific Coast 
Subcommittee of the Relay Committee. 
Another group has started an extensive re- 
view of motor protection. A report on a sur- 
vey of test methods will be published shortly. 

The Relay Committee is maintaining an 
active liaison with other AIEE groups with 
which it has mutual interests. 


Industry Division 


Committee on Mining and Metal Industry 
(R. B. Moore, Chairman; F. R. Hugus, Vice- 
Chairman). The Metal Industries Subcom- 
mittee has been devoting attention toward 
“Power Systems for the Steel Industry” and 
“Automatic Control Systems in the Steel 
Industry.”’ Asa result, a technical session on 
power systems is scheduled for the 1956 
Summer and Pacific General Meeting. Also, 
for the Summer and Pacific General Meeting 
this year a session is being scheduled on auto- 
matic control systems. 

The Eastern Mining Subcommittee is re- 
viewing a report of the Conversion Substa- 
tion Committee on the subject of d-c equip- 
ment grounding practices. Correlation of 
the report with underground mining require- 
ments is intended. 


Science and Electronics Division 


The Solid-State Devices Committee (J. P. 
Jordan, Chairman; S. J. Angello, Vice-Chair- 
man; C. F. Spitzer, Secretary). This com- 
mittee was organized to give additional at- 
tention to new developments and necessary 
standardizations of electronic components 
and devices in the semiconductor, magnetic, 
and dielectric fields. To carry out this work 
efficiently the committee has been divided 
into three subcommittees: one under Dr. 
Angello has been active for a number of years 
in the semiconductor field; the second under 
Mr. Spitzer is of more recent origin and is 
concerned with dielectric devices; the third 
is just being organized by Professor Welch in 
‘hese are all 
Institute of 
Radio Engineers to avoid duplication of 
effort 

In the standardization effort the Semicon- 
ductor Device Subcommittee has completed 
work on “Definitions of Semiconductor 
Terms,” ‘‘Proposed Methods of Testing 
Transistors” (excluding Large-Signal Appli- 
cations), ‘“‘Proposed Letter Symbol-Stand- 
ards for all Semiconductor Devices,” and 
“Proposed Standards on Method of Test of 
Semiconductor Devices for Large-Signal 
Applications.””’ Work is now under way on 
“Proposed Methods of Test for Junction 
Transistors for Large-Signal Applications,” 
**Methods for Test for Bulk Semiconductors,”’ 
**Photo Devices,” “Diodes,” and ‘“Transistor 
Internal Parameters.” 

The Subcommittee on Dielectric Devices 
is presently engaged in assembling a list of 


the field of magnetic devices. 
joint subcommittees with the 
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definitions of terms for nonlinear capacitors. 
They are actively examining all the devices 
in the field to determine where the greatest 
need exists for their future standardization 
activities. 

The Magnetic Devices Committee is, at 
this stage, just formulating its program. 

All of these subcommittees in addition to 
their standardization activities are sponsoring 
programs at various meetings. It is expected 
that in the future this effort will be co-ordi- 
nated to provide a broad coverage of areas of 
interest in the solid state devices field by joint 
sponsorship of educational sessions at the 


major conventions. Papers on new devices 
and developments will continue to be spon- 
sored individually. 

The Committee and Subcommittee mem- 
berships are purposely being limited to those 
who can actively contribute to the technical 
effort. However, for those who desire to be 
kept advised of the work in progress but who 
cannot actively participate, associate mem- 
berships are being solicited. Such members 
would receive copies of all minutes and stand- 
ards material in progress. Any persons wish- 
ing to be added to these lists should advise 
the subcommittee chairman involved. 


AIEE PERSONALITIES 


G. B. Entrekin (AM ’46), chief product 
engineer of the International Resistance 
Company (IRC), Philadelphia, Pa., has been 
appointed plant manager of its fifth and 
newest manufacturing branch plant located 
in Burlington, Iowa. As chief product 
engineer he led a special research and de- 
velopment project on carbon composition 
resistors. Prior to joining the IRC organiza- 
tion seven years ago, he was product engineer 
for Western Electric Company in Kearney, 
New Jersey. A graduate of Drexel Institute 
of Technology, Philadelphia, Mr. Entrekin 
served five years with the U.S. Army Signal 
Corps. He is currently a member of the 
Armed Forces Communications Electronics 
Association, and is active on various Radio- 
Electronics-Television Manufacturers Asso- 
ciation committees. 


J. W. Percy (AM ’52), physicist, of the 
Fundamental Research Laboratory, U. S. 
Steel Corporation, Kearny, N. J., was elected 
vice-president of the Instrument Society of 
America at the Society’s 10th Annual In- 
strument-Automation Conference and Ex- 
hibit in Los Angeles, Calif., September 12-16. 
He will be responsible for the Society’s 
Recommended Practices Division. Mr. 
Percy studied at the U. S. Military Academy 
and at Michigan State University, receiving 
degrees there in 1923, 1926, and 1929. He 
has worked at Olds Motor Works, United 
Alloy Steel Corporation, Central Alloy Steel 
Corporation, Republic Steel Corporation, 
and has been with U. S. Steel Corporation 
since 1935. For several years Mr. Percy has 
worked as a physicist and consultant to 27 
plants on problems involving heating and 
rolling practice, furnace design, combustion 
and temperature measurement and control. 
He holds membership in the New Jersey and 
National Society of Professional Engineers 
and the Association of Iron and Steel 
Engineers. Mr. Percy was a member of the 
U. S. Army Reserve for 15 years prior to 
World War II and was on active duty in the 
Ordnance Department, Research and De- 
velopment Division, from 1942 to 1945. 


A. A. Timineri (AM ’50), consulting engi- 
neer and technical adviser, has been ap- 
pointed engineering and sales representative 
for the Wac Engineering Company of Day- 
ton, Ohio. Mr. Timineri received his elec- 
trical engineering degree from the State 
University of Iowa and took his graduate 
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studies at the University of Buffalo where he 
taught electronics for several years. He has 
been assigned the Pacific Coast States and 
will make his home in the Los Angeles area. 


P. R. Sharadin (AM ’53), in charge of 
industrial] sales at the Odessa, Tex., office of 
the Minneapolis-Honeywell Regulator Com- 
pany, has been assigned to the new position 
of regional application engineer for the 
southwestern region with headquarters in 
Dallas, Tex. Mr. Sharadin joined Minne- 
apolis-Honeywell as an industrial controls 
service engineer in Dallas in 1951 and 
entered industrial sales work in the com- 
pany’s El Paso office the following year. 
He is a graduate of Union College. 


M. C. Burns (AM ’40), in charge of de- 
velopment and production design of digital- 
type equipment for Brush Electronics Com- 
pany, Cleveland, Ohio, has been appointed 
chief engineer of El-Tronics, Inc. Mr. 
Burns, a native of Oakland, Calif., holds the 
degree of bachelor of science in electrical 
engineering from the University of California. 
Following his graduation, he took advanced 
studies in airline meteorology at the Boeing 
School of Aeronautics. He began his 
business career in 1941 as an instructor in 
navigation and meteorology for Pan Ameri- 
can Airways (PAA) at Miami, Fla. Shortly 
after the attack on Pear] Harbor he was sent 
overseas as an instrumentation specialist for 
PAA Africa, a subsidiary of the airline. 
From 1942 to 1947, he held various engineer- 
ing and administrative positions with PAA, 
advancing to section meteorologist. During 
that time he designed various meteorological 
instruments for production. In September 
1947, Mr. Burns joined the Berkeley Scien- 
tific Corporation as a project engineer and 
the following year was promoted to chief 
engineer. In that position he was in com- 
plete charge of research, design, and de- 
velopment of a complete line of nuclear and 
electronic instrumentation. He left that 
company in 1952 to organize the Digital 
Instrument Company, Inc., Coral Gables, 
Fla. Two years later he sold the business to 
Brush Electronics Company, Cleveland, 
Ohio. 


Mahmoud Riaz (AM ’51), instructor, has 
been promoted to assistant professor of 
electrical engineering. He joined the Massa- 
chusetts Institute of Technology (MIT) staff 
in 1947. Dr. Riaz, an Egyptian citizen, 
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was born in Paris and holds degrees from the 
University of Paris, University of Cairo, 
Rensselaer Polytechnic Institute, and MII 


A. E. Cooper (AM ’50), engineer, has been 
named manager of research and advanced 
development in the Airborne Computer 
Laboratories of the International Business 
Machines Corporation (IBM). Mr. Cooper 
was formerly a development engineer in the 
defense development engineering laboratory. 
He became associated with IBM in 1950 as a 
technical engineer in the physics laboratory, 
and transferred to defense engineering in 
1951. 


in the 


He was appointed a project engineer 
engineering 


Mr. Cooper 


defense development 
laboratory the following year. 
studied chemical engineering at the Uni- 
versity of Cincinnati, and earned bachelor 
and master of science degrees in electrical 
Purdue University. He 
has also completed a course in instrumenta- 


engineering from 


tion and control at Massachusetts Institute of 
Technology. Mr 
the honorary societies, Eta Kappa Nu and 
lau Beta Pi. He served as a first lieutenant 
in the U. S. Army Air Corps during World 
War II. He _ holds 
Institute of Radio Engineers 


membership in the 


E, J. Horelik, Jr. (AM °48), field supervisor 
of the Whitney Blake Company, New Haven, 
Conn., has been appointed assistant sales 
manager of the Electronics Division. ‘This 
division manufactures connectors for elec- 
trical, electronic, and aircraft circuits. A 
graduate of Rensselaer Polytechnic Institute, 
he served as airborne radar officer with the 
U.S. Air Force for 2!/s years 
the Whitney Blake Company in 1950 he was 


Before joining 


a sales engineer in the wire and cable division 
of the United States Rubber Company 


N. J. Dam (AM ’50) who for the past thre« 
years has been a facilities engineer for the 
General Electric Company (GE) at Utica, 
N. Y., has been named plant engineer for the 
General Elec tric Research I aborat ry here. 
In his new position, Mr. Dam will supervise 
engineering for service facilities in the various 
Research Laboratory installations, as_ well 
as for the facilities themselves. He is a 
graduate of Washington State College, 
Pullman, Wash. He joined GE as a test 
engineer in 1949, and served as a technical 
advisor at Electronics Park, Syracuse, N. Y., 
before taking the position at Utica 


E. L. White (M °37, F 47), retired chief o! 
the Safety and Special 
Bureau, Federal Communications Commis- 
sion (FCC), joined the firm of Microwave 
Services, Inc., New York, N. Y., as senior 
FCC 
since 1927 and among his many accomplish- 
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consultant. He has been with the 
ments was vice-chairman and spokesman for 


the U. S. Atlantic City 
Conference of the International 


delegation to the 
Telecom- 
munication Union in Geneva in 1948 and 
1949. As Colonel in the U. S. Army Air 
Corps Reserve, he served in World Wars I 
and II, with overseas duty in the Pacific and 
China-Burma-India Theaters and with the 
military government in Germany His 
communications knowledge and experienc« 
was of great value in active duty and is also 
applied in his reserve status. Prior to his 


FCC service, Col. White was in charge of 
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Cooper is a member of 


maintenance and operation of the fixed radio 
network for the U. S. Signal 
Hawaii and developed plans and procedures 


Corps in 


operation of tactical 
Signal 


for maintenance and 


radio equipment for the Corps 


Prior to this period he was with the staff of 


the Naval Research Laboratory on develop- 


ment of crystal controlled transmitters, 
particularly those involving frequency multi- 
White has served on the 
Instruments and Measurements Committee 
of the AIEE, and is a Fellow of the Institute 


of Radio Engineers 


plication. Col 


G. V. Boselli AM ’49 


engineer, Hyer Industries, Inc., 


assistant chiel 
has joined 
the Instrument Division, sales engineering 


department, of Thomas A. Edison, Inc. and 


will represent the division in a territory 
covering the New York metropolitan area, 
New Jersey, parts of Pennsylvania, Mary- 
land, Delaware, Virginia, and the Carolinas 
He holds an electrical engineering degre« 
from Manhattan College 


R. E. Pratt (AM ’54), associate engineer, has 
been appointed associate staff engineer in the 
electrical laboratory of International Busi- 
ness Machines Corporation (IBM), Endicott, 
N. Y Mr att was employed by IBM in 
August 1951 as a design engineer 

Endicott Laboratory and in January 1954 
was made associate engineer in the electrical 
laboratory, a position he has held until his 
recent appointment He was graduated 
from St. Lawrence University, Canton, 
N. Y., in 1949 with a bachelor of science 
degree in mathematics and in 1951 
Rensselaer Polytechnic Institute, Troy, N. Y., 


from 
with a bachelor of science degree in electrical 
engineering Mr. Pratt has been an in- 
structor in refresher mathematics in the IBM 
school. He is currently enrolled in the 
IBM sponsored Syracuse University 
He is a member of 


gradu- 
ate program at Endicott 
the Institute of Radio Engineers 


F. W. Grahame (AM °53) of the General 
Electric Company’s capacitor 
at Hudson Falls, N 
that the U. S. Patent Office has granted him 


department 
y has been notified 
his second patent. His invention covers a 


technique for hermetically sealing Tanta- 


lytic (Registered Trademark) capacitors in 


glass. This design permits the capacitors to 
operate for longer periods with less electro- 
lyte leakage than was possible previously 
Mr. Grahame’s first patent, also on a glass 
seal, was granted jointly to him and A. F. 
Torrisi in 1953 \ native of St. Paul, 
Minn., Mr. Grahame was graduated from 
the University of Minnesota in 1947 with a 


electrical 


bachelor of science degree in 
He joined the General Electric 
Pittsfield, 


assigned to capacitor development work in 


engineering 

Company at Mass., and was 
the transformer and allied products labora- 
In September 
ferred to the engineering 
Hudson Falls plant 
Institute of Radio Engineers. 


tory. 1952, he was trans- 
section of the 


He is a member of the 


Albert Hansen, Jr. (AM 737, M 745 
manager of advanced engineering for Gen- 


eral Electric (GE) Company’s instrument 


department, has been appointed manager of 


engineering for GE’s rectifier department 
Mr. Hansen joined GE in 1936 after gradu- 
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ating from Pratt Institute with a bachelor of 
science degree in industrial electrical engi- 
neering. \fter completing the test engi- 
neering program, he came to West Lynn, 
Mass., 


works laboratory. 


in 1937 as a technical engineer in the 
In 1940, he became air 
crait instrument engineer and four years 


later was appointed assistant technical 
superintendent of aircraft instrument manu- 
facturing. The following year he was 
named to the staff of the works engineering 
In 1947, he 
engineer of the 


Division and, in 1951, supervisor of advanced 


manager. became section 


Instrument Engineering 
engineering Early this year he was ad- 
vanced to manager of advanced engineering 
Mr. Hansen 
has won GE’s highest achievement honor, 
the Coffin Award, and holds several patents 
on various phases of instrument development 
He has served on the AIEE Industrial Con- 


trol Committee (1953-55), and on the 


it the instrument department. 


Instruments and Measurements Committee 
1955-56 He is a member of the American 
Society of Mechanical Engineers, Instrument 
Society of America, and the Association of 


Professional Engineers. 


G. W. Baughman (M ’45), vice-president 
in charge of the railway signal engineering 
department, Westinghouse Air Brake Com- 
pany, Union Switch and Signal Division 
Pittsburgh, Pa., 


staff of the vice-president and general man- 


has been appointed to the 


ager and will act on management matters in 
a staff capacity. Mr. Baughman joined the 
engineering department of the Union Switch 
und Signal Company in 1923 From then 
until 1944 he was engaged mainly in field 
and development work. In 1944, he was 
appointed assistant chief engineer in charg: 
of electronics and, in 1945, was named chief 
engineer He was made assistant vice- 
president in charge of railway signal engi- 
neering, in 1950, and a vice-president of th 
Westinghouse Air Brake Company in 1951 
when the corporate structure of the Union 
Switch and Signal Company was changed 
to that of a division of the Westinghouse 
Air Brake 
ship in a number of engineering societies, 


ncluding the British Institute of Railway 


Company He has member- 


Signal Engineers. He has served on the 
ATEE Committee on Special Communica- 


tion Applications (1949-51, 1953-57 


A. B. Tillett (AM ’47), district manager at 
Roanoke, Va., for Rumsey Electric Company 
of Philadelphia, Pa., has been appointed 
substation T. & D 


assistant manager, 


Department, for Rumsey with head- 
quarters at Philadelphia, Pa. He has been 
succeeded at Roanoke by H. B. Edwards, 
Jr. AM °54), formerly located in the 
Richmond Office, Va Mr. Edwards gradu- 
ited from the University of Virginia Engi- 


neering School. 


t 


J. N. Montgomery (AM 749), engineer a 
E. I. du Pont de Nemours and Company, 
Belle, W. Va., was promoted to assistant 
superintendent in the engineering develop- 


ment group of the technical section. He 
obtained his bachelor’s degree in electrical 
engineering from the Alabama Polytechnic 
Institute in 1948, and his master’s degree in 
electrical from the Georgia 
Institute of Technology in 1953. Prior to 
work, he served as lieutenant 


engineering 
his graduate 
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in the Signal Corps where he aided in 
developments in the fields of microwaves 
and radio link communication. Since join- 
ing the Du Pont company in 1953, he has 
been engaged primarily in the development 


of industrial process controls. 


D. W. Webb (AM 48), 


charge of sales of switchgear assemblies and 


engineer in 


unit substations for the Allis-Chalmers Man- 
ufacturing Company, Milwaukee, Wis., was 
named switchgear as- 
semblies and unit substations; and Albert 
Ewy (AM charge of 


switchgear equipments, was appointed chief 


manager of sales, 
°43), engineer in 
engineer of switchgear assemblies. Mr. 
Webb joined the company in 1948. He is an 
rpraduate of the Uni- 
versity of Nebraska and a member of the 
National Electrical Manufacturers Associ- 
He has served on the AIEE Com- 
1954-56). Mr. Ewy 
joined the company in 1930 and has been 


. . ° ° 
electrical engineering 


ation. 
mittee on Substations 


with the switchgear department since 1936 
He is an electrical engineering graduate of 
the University of Minnesota. W. G. Lewis 
(M ’49), assistant manager of sales, and 
F. T. Gifford (M ’50), assistant chief engineer 
of the switchgear department, were named as 
managers of sales, circuit breakers, and chief 
engineers, circuit breakers, respectively, for 
Boston Works. 
Mr. Lewis served as assistant engineer in 


the Allis-Chalmers Company, 


charge of circuit breaker sales and assistant 
to the general manager. He joined the 
company in 1926. He has served on the 
ATEE Committee on Switchgear (1951-52) 
Mr. Gifford joined the company in 1937 and 
was an assistant division engineer for a large 

until 1946, 


when he was appointed division engineer 


outdoor circuit-breaker line 
In 1954 he was named engineer in charge of 


‘ircuit breaker design. 


I. F. Kinnard (AM ’21, F ’43 
West Lynn Works, 


mpany, 


, engineering 


manager, General Elec- 


tric Ce Lynn, Mass., has been ap- 


pointed manager of special projects and 


studies, where he will integrate long-range 


planning for the company instrument 


Kinnard was born in 


Canada, and 


department. Dr 
graduated from 
Queen’s University with a bachelor of science 


After 
World War I service in the Canadian Army, 


Ontario 
degree in engineering and physics. 


he studied mathematics and physics at the 
University of Glasgow He then joined 
the General Electric Company. In 1953, 
he was awarded the Lamme Gold Medal by 
ATEE, one of the highest awards in the elec- 
ATEE 
Instruments and Measure- 
ments (1927-41, chairman 1939-47), Tech- 
nical Program (1939-41), Board of Ex- 
aminers (1946-50), and Research (1953-56). 
M. A. Princi, manager of the measurements 


trical industry. He has served on 
committees: 


laboratory of the company, was appointed 


manager of engineering succeeding I. F. 
Kinnard. Mr. Princi joined the company 
after graduation from Boston English High 
School. He graduated from Lowell Insti- 
tute in 1931, and earned a bachelor of 
science degree in electrical engineering in 
1935 at the University of Colorado; late 
he did graduate study at the Massachusetts 
Institute of Technology All his _profes- 
sional experience has been in the instrument 
department of the company where he has 
held numerous 


engineering assignments 
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including engineer in charge of the specialty 
instrument section, and manager of aircraft 
instrument engineering. He is a member of 
The American Society of Mechanical Engi- 
neers, Instrument Society of America, 
Engineering Societies of New England (past 
chairman), and Michigan Society of Pro- 
fessional Engineers. He is presently serving 
as chairman of ASA Committee C-85 cover- 
ing Terminology for Automatic Controls. 
He was chairman of the Lynn Section of the 
AIEE during 1949 and served as co-chair- 
man and chairman respectively, for the 1949 
and 1955 AIEE Summer General Meetings 
in Swampscott, Mass. 


J. B. Russell (AM °34, F ’51), consultant, 
General Electric Company, Syracuse, N. Y., 
has been appointed manager of the engineer- 
ing analysis Subsection of the company’s 
electronics laboratory. In his new position, 
Dr. Russell will work on special and theo- 
retical electronics engineering 
arising in various areas of the Electronics 
Division. Dr. Russell joined the laboratory 
in July, 1955, coming from Columbia 
University where he was head of the depart- 
ment of electrical engineering. He received 
his technical education at the Massachusetts 
Institute of Technology. He is a Fellow of 
the New York Academy of Sciences, a mem- 
ber of the Association for 
Machinery, and the American Society for 
Engineering Education. He has served on 
following committees of the AIEE: Stand- 
ards (1939-50), Communication (1941-49), 
Basic Sciences (1947-49), Instruments and 
Measurements (1948-49), Industrial Control 
(1948-49), Feedback Control Systems (1949- 
50), and Liaison Representative on Standards 
Committee (1951-54 


problems 


Computing 


G. A. Cypher (AM ’52), head of materials 
development group and supervisor of ma- 
terials applications, General Electric Com- 
pany, Lynn, Mass., has been appointed 
insulating materials specialist for General 
Electric Company’s chemical materials de- 
partment in Schenectady, N. Y. Dr. 


Cypher participated in the introduction of 


the “‘motorette” and an accompanying test 
cycle, both now being used as the basis for the 
new AIEE test code for motor insulation. 
He is a native of Butler, Pa., and received a 
bachelor of arts degree from Washington and 
Jefferson College. After 3 years service in 
the U. S. Navy as an electronics maintenance 
and repair officer, he received a bachelor of 
science degree from Monmouth 
He earned a doctors degree in organic 
chemistry at Notre Dame University in 1950 


College. 


M. H. Pratt (M 734, F 53), chief engineer, 
Central Division, Niagara Mohawk Power 
Corporation, Syracuse, N. Y., has been 
elected a vice-president and chief engineer 
for the corporation. He will succeed E. S. 
Bundy (AM ’14, F °33, Member for Life), 
who will continue as a director and a vice- 
president of the corporation, and also will 
serve as an engineering consultant. Mr. 
Bundy has served on the AIEE Committees: 
Electrical Machines (1931-38), Power Trans- 
mission and Distribution (1932-36). Mr. 
Pratt graduated from the College of Engi- 
neering at the University of Pennsylvania. 
He started as a cadet engineer with the then 
Syracuse Lighting Company, Inc., one of the 
predecessor companies of the Niagara Mo- 


Institute Activities 


hawk System. 
electrical engineering for the Syracuse Dis- 
trict and was made division electrical engi- 


He was placed in charge of 


neer several years later. He is a Fellow of 
the Edison Electric Institute and the Amer- 
ican Standards Association. He is a former 
president of the Syracuse chapter, American 
Professional Engineers, and a 
member of the United States Power Squad- 
ron, Syracuse Technology Club, Sigma Xi, 
and Tau Beta Pi. He has served on the 
ATEE committee on Transformers (1947-56 

J. T. Kimball (AM ’18, Member for Life), 
vice-president of the corporation has retired 
Mr. Kimball, known throughout the natural 
gas and electric industry, will be retained as a 


Society of 


consulting engineer. He received an elec- 
trical engineering degree from the Universit, 
of Wisconsin and accepted a position with 
the system at Buffalo, N. Y., becoming a 
director of the Buffalo company. Later he 
was elected a vice-president and director of 
two other system subsidiary companies and 
moved his headquarters to Syracuse. From 
then until to date he has been the system’s 
chief rate engineer. He has served on the 
AIEE committee on Public Relations (1950- 
55). 


D. K. McIlvaine (M ’44), manager of re- 
search and development, Soreng Products, 
Iil., has been appointed to the 
newly created post of director of research and 
development for the Acro Manufacturing 
Ohio. His duties 
will include the development of new product 
lines. Mr. MclIlvaine with a 
bachelor of science degree from Washington 


Chicago, 


Company, Columbus, 


graduated 
and Jefferson College. He did post graduate 
work at Carnegie Technical Institute. He 
has served as manager for the meter depart- 
ment and test laboratories of West 
Power Company, development engineer for 
the Bell Telephone Laboratories and Western 
Electric Corporation, and vice-president and 
works manager of the Henry Valve Com- 
He is a member of the Institute of 
Radio Engineers and the American Society 


Penn 


pany. 


of Refrigerating Engineers. 


P. C. Ford (AM °38, M °44), assistant man- 
ager of the Transformer Engineering Divi- 
sion, Wagner Electric Corporation, St. Louis, 
Mo., has been appointed chief engineer of the 
Electrical Division to succeed C. P. Potter 
(AM ’19, F ’29), who is retiring after more 
than 46 years with the organization. Mr 
Ford received a bachelor of science degree 
from Purdue University in electrical engi- 
neering, and joined the corporation as a 
student worked for 
years in the distribution and power trans- 
former engineering sections, and was ap- 
pointed supervisor of the unit substation and 
dry-type transformer engineering section in 
1950. Mr. Potter, who will remain tempo- 
rarily with the corporation in a consulting 


engineer. He some 


capacity, also joined the company as a stu- 
dent engineer, following his graduation from 
the University of Illinois. He has been very 
active in the work of various engineering 
organizations and has served for 25 years in 
the various groups of the motor and gener- 
ator section ofthe National Electrical Manu- 
facturers Association. 
AIEE committees on 
Machinery (1941-53) 
gram (1943-45). 


He has served on the 
Electrical Rotating 
and Technical, Pro- 
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R. C. Cheek (AM ’°42, M ’47), assistant 
manager of Westinghouse Electric Corpora- 
tion, Baltimore, Md., Electronics Division, 
1as been named manager of the industrial 


electronics department. The department 
will be part of the Industrial Heating Divi- 
sion which has its headquarters in Meadville, 
Pa. He will be responsible for the engineer- 
ing, manufacture, and sale of induction 


heating equipment, power line carrie 
equipment, and a variety of other industrial 
Cheek 


Westinghouse student training course follow- 


lectronic devices Mr joined the 
ing his graduation from Georgia Institute ot 
Tec hnology He has been a consultant on 


power systems problems and an assistant 
He has 


served on the AIEE committees on Carrier 
1950-54) and Electronics (1954 


sales manager for the corporation 
Current 


56). 


J. W. St. Andre (AM ’43, M 
engineer, Continental Electrical Equipment 


48), electrical 


Company, Cincinnati, Ohio, has been named 
hief electrical engineer at Kaiser Aluminum 
ind Chemical ¢ Ohio, 
od, bar, 


Mr. St. 


sorporation’s Newark, 
wire and electrical conductor mill 
Andre is a graduate of General 
Electric Engineering School, Lynn, Mass., 
ind has a degree in electrical engineering 
He was formerly Educational Chairman for 
he ALEE New York Section, and has served 
AIEE National 


Industrial Power Distribution. 


mm the Committee for 


OBITUARIES 


Robert Harsh Hull (AM 715, M °35, F °50, 
Member for Life), engineer, died on Novem- 
ver 25, 1955, after a long illnes Mr. Hull 
was a graduate of the University of Colo 

He worked for the Great 

Company for several 

joined the University 

structor in the electrics 
nent He was spec 
Spokan ngineerin 

came Associate Professor 
neering at the University 
World War II he worked ; 
trical engineer for t 

it which time he w 

versity of Utah. | 

the American So 


Tau Beta Pi, and Sign 


Hector Martinez D’meza (AM °15, M °35, 
F ’?50, Member for Life), Works Manager fo: 
Industria Electrica de Mexico, a Westing 
ouse licenser and president of the Mexico 
AIEE Section, died on Deceml 
He was born on November 27, 

Ex 


ool of 


er 25, 35 


1905, and 
zraduated from the Sc! wineering of 
the University of Mexico in 1930. In past 
Mr. Martinez had worked for the 


Mexican governm 


years 
‘nt in various Capacities 
He was a member of t Centro Nacional d 
S.A., and 


Ingenieros y Arquitectos in Mexico 


Ingenieros, the Asociacion d 


Greenleaf Whittier Pickard (AM ,M’08 
F ’12, Member for Life), electrical engineer 
and inventor, born in 1877, grand nephew of 
poet John Greenleaf Whittier died January 8, 


1956. He was educated at Harvard Uni- 
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versity and MIT. Dr. Pickard specialized in 
radio communication, receiving many United 
States and foreign patents for his inventions 
One of the first to obtain successful transmis- 
sion of speech by electrical waves, he invented 
the crystal detector, the radio compass, and 

Dr. Pickard held engi- 


neering positions successively with American 


the static eliminator. 


lelephone and Telegraph Company, Wire- 
less Specialty Company, and 
RCA Victor Company of Massachusetts. He 
was an independent consulting engineer 1938- 


Apparatus 


1948, and director of research for American 
Jewels Corporation from 1942 to 1945. In 
1945 he became cofounder and president of 
Pickard and Burns, 
and electronic engineers, and had been chair- 


Inc., consulting radio 
man of the board there since 1952. He wasa 
past president and Fellow of the Institute of 
Radio Engineers (IRE), receiving the IRI 
Medal of Honor in 1926 
the Radio Club of America, and received 
Medal in 1941. Other 


society memberships included the American 


He was a Fellow of 


their Armstrong 


Association for the Advancement of Science, 
the American Academy of Arts and Sciences, 
and the American Meteorological Society. 
He was active in Amateur Radio during the 
last 40 years holding the call letters WIFUR. 
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EFAS Strobeacon Guides 
Pilots Landing with Limited Visibility 


\STREAK OF LIGHI 
bullets traveling at the supersonic speed of 
2,700 miles per hour was put into operation 
recently at New York International Airport 
Idlewild), New York, N. Y., to guide planes 


in landing during periods of limited visibility 


resembling trace: 


Installation of the electronic flash approach 
system (EFAS) at Idlewild, which will sup- 
plement the centerline approach lighting 
system now in use, developed by engineers of 
Sylvania Electric Products Inc., is expected 
to reduce flight delays and cancellations, and 
lessen air traffic control problems. The new 


Strobeacon centerline approach system, 
EFAS, greatly broadens the all-weather appli- 
cations of the Airport’s existing lighting sys 
tem. 

It will result in a greater number of su 
cessful approaches; an ‘“‘unsuccessful ap 
proach,” in aviation parlance, occurs when th 
pilot comes in low for a landing but is force: 
by conditions of visibility to gain altitud 
again, circle the airport, and make another 
attempt to land. Successful first approaches 
will not only mean fewer delays for pas- 
sengers, but the airlines will also benefit from 
the reduced delays and cancellations throug 
the use of the Sylvania system 

According to Captain Jonn Gill, chief pilot 
of Eastern Air Lines, the sequenced flashing 
in the Sylvania system quickly focuses the 
pilot’s attention and instantly identifies the 
lights as an approach lane Che directional 
feature is of great aid to the pilot, he ex- 
plained, because it eliminates the momen- 
tary problem of orientation that usually 
exists when a pilot first breaks out beneath an 
overcast. The time necessary for the pilot to 
become oriented depends upon the visibility 


inder the overcast, and normally extends 
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until the plane’s position is fixed with rela 
tion to the known position of identified lights 
and landmarks, he said. 

3ecause the approach to the instrument 
landing strip at Idlewild is over water, the 
Port of New York Authority, which adminis- 
ters airports in the New York metropolitan 
area, has installed platforms for mounting 
the approach lighting system on a pier which 
extends 2,500 feet into Jamaica Bay. The 
flashing Strobeacon units begin at the ex- 
treme outward end of the pier some 3,000 
feet from the runway Chey continue to 
within 1,100 feet of the runway. The system 
is activated by the controller in the airport 
control tower during low-visibility weather 
ww at the radioed request of the incoming 
pilot. 

Chis airport lighting improvement in the 
New York area has been welcomed by pilots 
flying into Idlewild, and other metropolitan 
area airports could well follow New York’s 
example in providing increased safety for the 
air traveling public. 

The Idlewild installation is particularly 
significant because it will be used by pilots 
from all over the world. Last year 24 foreign 
ind domestic airlines operating from Idle- 
wild transported almost 4-million passengers 
yn flights across the United States and over- 
SCas. 

It is expected that the C.A.A., in its con- 
stant emphasis on safety and schedule reli- 
ability, would consider adopting the Stro- 
beaconsystem at many other airports through- 
out the country Accurate navigation aids 
make it relatively easy for a pilot to come 
through the thickest weather down to the last 


half mile. After that, however, he must see 


where he is going. This EFAS now is the 
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INTEREST 


STROBEACON UNIT in new 
approach system at New York 
International Airport being in- 
pected by (left to right): Robert 
VU. Brown, Civil Aeronautic 
Administration; Capt. Ernest 
Cutrell, American Ailtrlines: Ss 
Christopher Peek, Sylvania Elec- 
tric Products, Inc.; and Capt 
John Gill, Eastern Air Lines. 


visual aid on the field which matches the 
electronic aids in the air. 


Optics Considerations 


l'wenty flashing units are placed at a dis- 
tance of 1,000 feet from the end of the runway 
to 3,000 feet, at 100-foot intervals Che re- 





SYLVA NIA 
TYPE R336 
mane hh SA 


Lin 


XENON-FILLED CONDENSER LAMP, heart of 
the new approach lighting system installed at 
Idlewild, produces beam of over 30-million 
candle power. 
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flectors give a 25-degree beam which inter- 


cepts the electronic glide path at a point CONFIGURATION "A" APPROACH SYSTEM 
1,600 feet in front of the particular lamp UTILIZING E.FAS?’ 

I'he flashes are synchronized so that the unit 
at the 3,000-mark will flash first and then 


each successive unit until all 20 have flashed 





Chis entire cycle is repeated twice per second 
I'he flashes, therefore, create the effect of a 





continuously moving ball of fire, shooting 
toward the runway Since each flash is of 


extreme brightness (30 million candlepower 


it easily penetrates diffusing water particles 
or snow in which any other light source would 
be lost Inasmuch as the flash is of short 


duration (approximately 1/5,000_ of i 


second), it does not disturb the pilot’s dark 


idaptation. However, it is long enough to be 
easily recognized. 


There are several advantages in the Syl- 


vania flashing Strobeacon which _ include 
recognition of this source as an approach 
system. In other words, there is no possi 
bility for other light sources in the vicinity 
to be similar in appearance to these rapidly 
flashing white lights. Thus, the EFAS sys- 
tem immediately provides, without mental 
) 


calculation: 1) identification, direc- 


tion, and (3) rapid transition from instru- 

ment to visual approach. The flashing 

lights alone do not provide any horizontal 

reference. ‘Therefore, at each flashing unit FLASHER UNITS are 
position there are five Par 506 incandescent indicated by squares 
lamps which can be adjusted in intensity to and are sequenced to 
match the particular weather conditions. start blinking from 
Ihe flashing units are observed five to nine outermost to inner 
seconds before the horizontal bar lights com«¢ most units twice per 
into view. ‘This establishes roll guidance and second. 

completes the transition from instrument to 

visual approach. 


Electrical Circuit 


Each EFAS unit consists of a xenon-filled 
lamp which is designed to give 500 hours of 
life when operated at 2,000 volts. Nenon 


fr ak 
May 


emits an instantaneous bright white light 
when high electrical discharges are made 


through it. The lamps are placed across a 


Mh. 


30-uf capacitor, and the application of an 
instantaneous high-voltage trigger pulse 
causes the capacitor to discharge through the 
lamp, giving a bright white light Chere are 
two #/676 rectifiers which provide a 2,000- 


volt d-c potential used to charge the capaci- 


It ttrinier 


tor \ relay connected with a central tim 
ing device discharges a smaller capacitor 
through an ignition-type transformer Thi 
provides the instantaneous high-voltage puls« 


required to flash the lamp 


Mechanical Characteristics 


he electrical components are housed in a 
waterproof aluminum cabinet, and all parts 
are chosen to be noncorrosive in a salt-wate1 
atmosphere Tempered glass is used in the 
front lens to resist breakage. ‘The rear cove: 
is easily removed with a screwdriver, and th 
inside chassis can be removed by hand, if 
replacement is necessary I here iS a device 
inside the unit that allows for leveling the 
reflector even though the unit may be 
mounted on a platform which itself is not 
level. All components are made to JAN 
(Joint Army & Navy) specifications and 
have been thoroughly tested from —55 to 
+140 F in an atmosphere which is both 
humid and is representative of extreme EFAS centerline approach lighting system at Idlewild as it looks to a pilot bringing his plane 
weather conditions, in for a landing. 
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Batwing Antennas Radiate 


High Power Television Signals 


THE TYPE 7) 60/70 series vhf. tele- 
ision transmitter antennas developed by 
General Electric (GE) Company consist of 
tiff steel masts mounting one or more groups 
f ‘‘batwing”’ style adiating elements 
These batwings are connected with 7/8- 
nch Styroflex feedlines to spec ially designed 


junction boxes. Either two or four 3'/s-inch 


transmission lines (depending upon _ the 


hoice of operational modes) are mounted 
yn the mast with their bases terminating in 
s-inch flanges between the bottom of the 


ywest bay and the mast base Che upper 


ends of these transmission lines are con- 
nected directly, or by means of quick discon- 
nect ‘*Tee’ 
boxes, 
These 


ariety of power gains in each vhf operating 


feeds, to tl proper 


i 


junction 


antennas are offered with a large 


channel Ihe broadcaster may make his 
election based upon coverage requirements, 
intenna site, location, topography, available 
Owe! lines, and economy requirements. 
In short, the broadcaster may select a high 
rain antenna and a low power transmitter for 
economical operation ; 1 low gain antenna 
and a higher power transmitter for optimum 
coverage of certain types of markets or 

gh gain antenna and a 
zh power transmitter for maximum ERP 
from the TY- 


10/60/70 series antennas are identical to those 
TY¥-26/27/28/30 


The patterns available 
»btained from the forme: 
eries antennas, 


One, three, four, five, and six bay models 


with corresponding nominal guins are avail- 
able in each of the channels 2 through 6 
['wo, 6, 8, and 12 bay models with corre- 
sponding nominal gains are available in each 
of the channels 7 through 13. The nominal 
power gain (ratio) of these antennas is one 
per bay 

With the exception of one and two bay 
antennas, all vhf antennas in this series are 
designed to accept the full rated output of a 
50-kw transmitter in the average station 
installation, taking into account the losses 
expected in diplexing and transmission line 
runs. Input kilowatt (average) to this series 
of antennas is rated from 48.4 kw to 55.0 kw 
with the exception of one and two bay anten- 
nas rated at 22 kw input (average). Thus, 
the broadcaster may select a high gain 
antenna and feed it with a low power trans- 
mitter to effect economies in tube and power 
line consumption. If he wishes, he may 
later add higher power amplifiers to raise 
his effective radiated power and yet not b 
faced with the necessity of replacing his 
antenna with one of greater power handling 
capability. 

In normal installations, the horizontal pat- 
tern is essentially circular, deviating less than 
In normal 
operation, the pattern will not deviate by 


+0.5 db under ideal conditions. 


more than +2.0 db from a circle for any fre- 
quency within the operating channel. The 
vertical pattern is essentially constant 
throughout the operating channel. It is 


shaped so as to give the power gains specified 


BATWING ANTENNA, reassembled at installation site, being tested by GE field personne! prior to 


erection, 
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in tabular information on power gains and 
free space field for individual models. 

For special location use, the antenna de- 
sign is easily custom modified, tuned, and 
tested at, the factory to provide horizontal 
patterns varying from circular to ‘‘figure- 
eight” shapes. A slot diplexer and phasing 
unit, sold as accessories on special order, ar¢ 
required for this use, 

A nominal amount of vertical beam tilt 
and/or up to approximately 20 db of null 
fill-in can be supplied optionally to the broad- 
caster if he so specifies when ordering the 
Additional amounts of vertical 
beam tilt and/or null fill-in may be designed 
into the antenna by special order of the 
broadcaster if requested at time of order. 


antenna, 


Beam tilting and null fill-in may be accomp- 
lished by difterential phasing and/or a 70/30 
power split between the upper and lower 
groups of bays. 

Field tested and proved, this batwing 
antenna design offers savings in increased 
safety, operational and maintenance con- 
venience, and economy to the broadcaster. 

Its unique and conservative design offers 
the strongest and stiffest vhf television mast 
in the industry. Chafing and straining of 
feedlines is virtually eliminated. Vertical 
beam swing (with consequent degradations 
of the received signal) caused by mast bend 
ing in high winds is minimized to one degree 
or less. To date, not a single GE batwing 
television transmitting antenna 
failed under the most adverse weather or 
hurricane conditions. 


mast has 


[o prevent mechanical shifting of the 


radiator elements by ice and wind (with 
consequent change in pattern and vswr), the 
‘*bosses”’ supporting the radiators are welded 
Each radiator is then 
spaced at a predetermined distance (depending 
upon the operating channel) from the mast 
and adjoining radiators to effect an accurate 
feedpoint impedance match and the lowest 
possible vswr. 


solidly to the mast. 


Once so placed, each radiator 
is solidly and securely bolted to the support 
‘*bosses.”” 
Styroflex 
connection between the radiators and the 
In addi- 
tion to an increase in transmission efficiency, 


8-inch feedlines are used for 
specially designed junction boxes. 


the use of these larger diameter feedlines 
boosts the power handling safety factor and 
eliminates the possibility of arc-over. 
cally and electrically, the feedlines are 
grounded through the use of ‘‘Aero-Seal’’ 


Physi- 


clamps and grounding studs spaced at correct 
intervals along the lines and mast. Thess 
studs and clamps assure the careful ground- 
ing and spacing of the feedlines in addition to 
eliminating the possibility of high winds 
chafing or straining the lines thus assuring 
reliable operation under adverse conditions. 
Gas and moisture proof connections be- 
tween the Styroflex feedlines and the junction 
boxes are made by the use of flare fittings, 
eliminating superfluous reflectometer wells. 
rhe junction boxes, incorporating a unique 
ind novel design, permit achievement of 
optimum electrical characteristics. | Essen- 
tially, these units consist of top and bottom 
plates bolted to a circular ring, the depth of 
which is varied according to the operating 
channel. Each junction box and matcher 


assembly is individually pretested both 
mechanically and electrically by GE person- 
nel prior to installation. In addition, the 
correct impedance and vswr characteristics 


of each junction box are determined and 
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checked with its associated feedlines after 
attachment to the antenna. 

Impedance transformers are installed in 
the 3!/,” transmission line between junction 
boxes and antenna base. These transformers 
guarantee an accurate match to the new 
RtTMA 50 ohm input standard. 

For 12 bay antennas, two modes of opera- 
tion may be selected—either single or divided 
section antenna operation. By use of four 
transmission lines on the antenna, upper and 
lower halves of the antenna may be fed 
separately to effect vertical beam tilting, null 
fill-in, or for emergency operation in the 
event of damage to one of the transmission 
line runs. Vertical beam tilting may be 
effected easily by a change in phasing be- 
tween the upper and lower sections of the 
Close-in coverage or null fill-in 
may be effected by use of power splitting be 


antenna. 


tween sections, the most common being a 
70/30 split which provides 20 db of null fill-in 
with only a small reduction in total gain 
These four lines may be combined in a 
“combining Tee’ at the base of the antenna, 
with the customary two tower transmission 
lines, for four tower transmission lines may 
be installed with the ‘“‘combining Tee’ 
located either at the base of the tower or in 
the transmitter building. The latter method 
makes possible the immediate cut-over of 
power from the full antenna to half of the 
intenna in the event of tower line damage. If 
the combining tees are located on the 
antenna, installation or removal of the te« 
feeds is facilitated by use of quick disconnect 
l'ee-feed connections. These Tees are used 
on both the 8 and 12 bay, high channel 
antennas. 

Antenna perfor mance ts protec ted for years 
to come through the use of (1) all brass 


junctions and stainless steel fastenings, proof 


against moisture, gas, and electrolytic corro- 
sion; (2) all other hardware rustproofed by 
the use of heavy zinc-plating and ‘‘Cronak”’ 
finishing; (3) lightning protection by the use 
of lightning rods and complete radiator and 
mast grounding; 4) no high impedance 


points subject to icing or soot troubles; (5) 
available deicing heaters and controls in 
those areas subject to icing; (6) the assembly 
und testing by GE personnel of all antennas 
prior to erection; and (7) an accessory nitro- 
gen pressurization kit which will provide 
protection against internal damage due to 
moisture and oxidation of the transmission 
lines. 

Information as well as protection is given 
the broadcaster, plus complete test data on 
each antenna assembled and tested at the 
factory. This may be used to compare per- 
formance of the erected antenna with that of 
the antenna prior to shipment. 

Low channel, one and three bay antennas 
are shipped fully assembled. Low channel 
four, five, and six bay antennas are assembled 
and tested at the factory. They are then 
partially disassembled for shipment. At the 
antenna site the four, five, and six bay 
antennas may be reassembled and tested 
under the supervision of GE field personnel 
if desired. The high channel antennas, except 
the 8 and 12 bay models, are shipped fully 
assembled. Eight and 12 bay high channel 
antennas are shipped in 2 assembled sections, 
requiring only a field weld at the antenna 
site, plus rf and electrical connections across 
the joint. 

Where the antenna has been previously 
assembled, tested, and approved at the fac- 
tory, it will be necessary for the broadcaster 
to build his own test “‘horses” to test the 
antenna prior to erection. In these cases, the 
broadcaster should contact his district prod- 
uct service representative, prior to antenna 
shipment, for details on vertical and _ hori- 
zontal clearance distances from the ground 
r surrounding obstructions and to request a 

of General Electric drawing No. 
1-7750326 titled: **Suggested Construction 
f Wooden Horses for Field Assembly and 
est of High Channel VHF Antennas.” 
Dimensions and construction details of low 
channel vhf antenna test horses are obtain 
able direct from broadcast equipment prod- 


uct service at GE’s Electronics Park. 


SAGE Electronic Brain Teams with 


Radar in Pushbutton Air Defense System 


\ PARTIAL PREVIEW was given recently 
of the heretofore classified system for the 
air defense of North America. This experi- 
mental combination of radar, radio, com- 
puter, and telephone network is centered at 
the secret Lincoln Laboratory, operated by 
the Massachusetts Institute of Technology 
M.I.T.) for the Department of Defense. 
Several radar sites in eastern Massachu- 
setts, one about 200 miles at sea, automati- 
cally transmit the course, speed, altitude, and 
location of all aircraft in the area by micro- 
wave radio or telephone lines to a direction 
center. It is here that the Semi-Automati 
Ground Environment .(SAGE) apparatus 
receives, collates, and processes the radar 
data. Not only are radar data sent to the 
direction center, but also information from 


the Ground Observer Corps; flight plans of 


friendly aircraft, weather information, etc. 
The radar information is displayed con- 

tinuously on 30-inch cathode-ray tubes and 

all the data are fed into digital computers 
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‘among the largest 
and most reliable yet built,” by International 
Machines (IBM) Corporation. 
he computers translate all the information 


which are described as 
Business 


into a composite picture of the area’s situa- 
tion in the air and this is shown on radar 
scopes at the direction center. 

[he computers also calculate for the oper- 
ators the most effective use of interceptor 
aircraft, anti-aircraft, and missiles such as 
Nike. Through radio data links, all- 
weather interceptors and long-range missiles 
are guided automatically to targets by the 
computers. 

The operation of SAGE may be briefly 
described as follows. When a bomber 
formation is detected by early-warning radar, 
its course is shown and it is identified as 
friend or foe. Assuming these are enemy 
aircraft, an identification officer selects a 
weapons assigner to organize the attack 
against them. The computer gives the 
weapons assigner complete information about 
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Future Meetings of Other 
Societies 


Conference on Radio Interference Reduction, 
I 3 I t 
tute of Technology, M I g 


Center, Chicag lil 


Armour Research Fou a 
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the enemy planes, and the defensive weapon 
he has available. ‘The weapons assigner has 
several intercept director teams which can 
be assigned responsibility for individual 
interceptions. 
On the weapons assigne1 radar scopt 
each enemy plane is indicated by numbered 
their length and direction showin 
plane’s speed and course Also shown 


wre geographical references, available anti- 


iircraft fire, and airfields. Small squares 


indicate the points at which the fighters 
> fields will intercept the enemy planes 
ind numbers show the minutes to intercep 
tion his information is shown in_ less 
than a minute after detection 
The intercept directors assign fighters 
lifferent fields and the midcourse flight of 
the fighters is under the control of computer- 
radio to the 


When 


the fighters close with the enemy planes in 


renerated directions sent by 
uutomatic pilot in the lead plane 
final action, airborne equipment takes over 
from the compute At the conclusion of 
the action, the computer at the center takes 
over again and guides the interceptors back 
to their respective bases The pilot may 
have to use judgment if something goes 


otherwise, he has only to get the 


vrong ; 
plane into the air and land it after the action 
Although the SA¢ 
lef 


1divance in our 


ri system 1S i great 


iense, men are required 


) supervise and monitor it Inasmuch as 


its speed of reporting and processing can be 
measured in fractions of seconds, its reli- 
ability meets military requirements. How- 
ever, enemy jamming can easily neutralize 


its effectiveness 


Lincoln Laboratory 


M Lincoln Laboratory was organized 
n 1951 in Cambridge, Mass., by the Mass- 
Institute of Technology at the 
joint request of the U. S. Army, Navy, and 
\ir Force for the primary purpose of mount- 


ichusetts 


ing an all-out technological attack on some 
of the problems of continental air defense. 
[he Laboratory is a tri-partite organization 
jointly supported by the three armed serv- 
ices through the Air Research and Develop- 
ment Command after the report and recom- 
mendations of a study of the effectiveness of 
United States defense against air attack, by 
\ir Force appointed study group 
Defense Systems Engi- 
ADSEC 

Soviet possession of nuclear weapons and 
the ability to deliver them to the North 
American continent rendered the United 
States vulnerable to large-scale air attack 
for the first time in ADSEC’s 
eassessment of air defense potential indi- 
more effective 


a special 
known as the Au 


neering Committee 


history. 


cated an urgent need for 
defense. 

Che initial nucleus of Lincoln personnel 
was composed of scientists and technicians 


U.S. Navy photo 


already engaged in related work. From 
the M.I.T. Research Laboratory of Elec- 
tronics came groups working on long-range 
radio communication, radar, and_ solid- 
state physics; from the M.I.T. Digital Com 
puter Laboratory came the Whirlwind | 
computer groups working on real time con- 
trol applications of computers, random access 
magnetic storage, and computer design; 
from various departments of M.I.T. came 
specialists in mathematics, physics, servo- 
mechanisms, and mechanical engineering 
from outside M.I.T. were brought scientists 
experienced in pulse-coded data transmission 
and other pertinent technological and scien- 
tific areas, 

Lincoln Laboratory is managed by mem- 
M.I.T.’s faculty. Liaison to the 

maintained through Adm. 
Cochrane (Ret.), vice-president 


bers of 
Institute is 
Edward L. 
for industrial and Government relations. 

Dr. M. G. Holloway, an eminent nuclear 
scientist with a record of important contri- 
butions to the development of atomic 
weapons over a 12-year period of service at 
the Los Alamos Scientific Laboratory, is 
director of the Laboratory. 

Dr. G. E. 
of physics at M.I.T. 
nuclear physics and cosmic radiation, is 


Valley, Jr., associate professor 
and a specialist in 


associate director of the Laboratory. 
Heads of research divisions include Dr. 
C. F. J. Overhage; Dr. W. H. Radford, 


HIGH-SPEED MEMORY UNIT (above) is made up of three- 


dimensional array of ferrite cores. 
site (lower) on eastern coast of Massachusetts. 


Long-range search radar 
Super-Con- 


stellation (upper) equipped for airborne early warning radar 
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professor of electrical engineering at M.I.T.; 
Jerome Freedman, Dr. S. N. VanVoorhis; 
and Dr. J. W. Forrester. 

A Joint Services Advisory Committee 
with representation from each service meets 
regularly with the Lincoln management. 
The current members of this committee are: 
Lt. Gen. D. L. Putt, USAF, chairman; Col. 
J. K. Johnson, USAF, recorder; Brig. Gen. 
J. P. Daley, USA; Brig. Gen. F. F. Uhrhane, 
USA; Rear Adm. R. Bennett, II, USN; and 
Capt. E. H. Eckelman, Jr., USN. 

In additicn to specific projects such as 
SAGE, one of the significant areas of work at 
Lincoln is radar research and development 
for land, sea, and airborne uses. Studies 
are being made to improve the transmitting, 
receiving, and display components. In- 
creasing useful range and improving opera- 
tion under unfavorable weather conditions 
are other radar research objectives. 

Development of the ionospheric and 
tropospheric scatter systems of long-range 
radio communications, following funda- 
mental work in physics and engineering, is 
another Lincoln project. These systems 
provide ultra-high frequency beyond-the- 
horizon radio communication of extremely 
high reliability. 

A general listing of specific kinds of 
research and development at Lincoln would 
include digital data transmission, solid-state 
physics including both transistors and mag- 
netic ferrites for digital computer and 
radar applications, improved ground and 
airborne radars, long-range 
munications, anti-aircraft weapons systems, 
theory of sample data servo systems, psy- 
chological research on training and opera- 
tor relationships to equipment and systems 
analysis, simulation, and evaluation. 

Facilities at Lincoln and its affiliated 
M.I.T. Barta Building in Cambridge in- 
clude a semiconductor physics laboratory, 
physical chemistry laboratory, metallurgical 
and ferrite laboratories, low temperature 
research facilities, a mechanical engineering 
group specializing in structures, 
mechanical design and heat transfer, vac- 
uum tube construction shop used for special 
cathode-ray display tubes, microwave re- 
search facilities, three large-scale digital com- 
puters, extensive shops, drafting rooms, and 
a photographic laboratory. 

Further facilities located in various parts 
of New England and the United States 
include more than 20 field stations for testing 
and development work, an experimental 
radar and communications network under 
M.I.T. operational control covering eastern 
Massachusetts for air defense tests, and 
experimental test aircraft support from the 
Air Force and Navy. 


radio com- 


electro- 


Air Force Cambridge Research Center 
The Air Force Cambridge Research Cen- 
ter (AFCRC) is one of 10 special centers 
assigned to the Air Research and Develop- 


ment Command to carry out its mission of 


attaining and maintaining qualitative supe- 
riority in equipment for the U. S. Air Force 
The Center is under the command of Maj. 
Gen. R. C. Maude. 

For the past two years, AFCRC has 
gradually centralized its activities at Lau- 
rence G. Hanscom Field, Bedford, Mass. 
Although several highly specialized labora- 
tories will be retained in other areas, the 
main research efforts of the Center will be 
conducted in modern buildings located less 
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Display consoles of the Whirlwind | computer, partof the SAGE North American continental defense system. 


than half a mile from the Lincoln Labora- 
tory. 

The mission of the Center is twofold: 
First, through its three major directorates, it 
accomplishes research, development, and 
test in the fields of electronics, geophysics 
and human factors. The three components— 
Electronics Research Directorate, Geophys- 
ics Research Directorate, and Operational 
Applications Laboratory—carry out their 
missions within their own laboratories, or 
through work done on contract by univer- 
sities, research foundations, and industry. 
Second, the Center provides for administra- 
tion and support of the Lincoln Laboratory, 
operated under contract by the Massachu- 
setts Institute of Technology. 


The bulk of the Center’s support to 
Lincoln (including materiel, flight test, and 
the manning of an experimental air defense 
network) is provided by the 6520th Test 
Group (Support). Using the flight facilities 
at expanding Hanscom Field, planes of many 
types assigned to the 6520th Test Group 
(Support) fly missions in support of the 
Lincoln Laboratory. With the Lincoln 
Laboratory, the Raytheon Laboratory, the 
buildings of the Commonwealth of Massa- 
chusetts, the recently added 49th Fighter 
Interceptor Squadron of the Air Defense 
Command, the 2234th Air Reserve Training 
Center, and several other smaller compo- 
nents, Hanscom Field is now a vital defense 
installation. 


Loyola School of Dentistry 


Successfully Teaches via Television 


THE SCHOOL OF DENTISTRY, Loyola 
University, Chicago, IIl., 2'/2 years ago 
pioneered in the use of closed-circuit tele- 
vision to help teach dental students. 

At present, according to Dr. A. R 
Baralt, Jr., dean of the Dental School, 
television is used to teach more than a dozen 
courses and the results have far exceeded 
early expectations. 

The program was devised by Dr. Baralt 
and J. E. Blickenstaff, the school’s visual 
aids director. 

Every floor and every classroom is now 
wired for closed-circuit television reception, 
with programs originating in either surgery 
or the school’s television studio. Two 
clinical floors of the building, three labora- 
tories, a post-graduate room and two amphi- 
theatres also are connected to the closed- 
circuit system to facilitate transmission of 
visual and audio impressions throughout the 
school. 

An example of television’s tremendous 
value to dental instruction is pointed out by 
Mr. Blickenstaff, when referring to its use in 
conjunction with a once-a-week sophomore 
lecture-demonstration course in operative 
dentistry which is conducted by Dr. F. M. 
Amaturo, faculty secretary and associate 
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professor of operative dentistry at Loyola 

Because of the inherent smallness of ma- 
terials under discussion, the television camera 
is used to project close-up images on large- 
screen receivers placed in the lecture hall. 

Adjacent to the hall is the school’s tele- 
vision studio, equipped with a Dage Model 
101 television camera, lights, a monitor, and 
the other necessary equipment. A _ three- 
lens turret on the camera facilitates flexible 
handling of different subjects. 

From this studio, Dr. Amaturo conducts 
his lecture-demonstration, seated at a small 
table on which he places large models of 
teeth and whole “plates” to help in his 
description of operative techniques. By 
watching a nearby monitor, he can see 
exactly what the students in the amphi- 
theatre see, and adjust his actions accord- 
ingly. 

The television camera is operated by Mr. 
Blickenstaff, who also handles lighting and 
controls audio conditions. 

Dr. Baralt said he is particularly pleased 
by the way closed-circuit has reduced the 
time teachers formerly needed for lecture- 
demonstrations. In the past, he pointed 
out, groups of only five or six students would 
cluster around a table or “patient” to see, 
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first-hand, the methods being described by 
the lecturer. 

[his meant that the instructor would have 
to repeat the demonstration as many as 20 
times, to accommodate all students. 

Now through the medium of closed-circuit 
television, an entire class of 100 students can 
watch the demonstration at the same time, 
thereby saving as much as three weeks time 
for one instructor 

Dr. Baralt explained that there are other 
advantages in addition to time saved. 
Standardization of technique is much more 
easily accomplished, since he needs to do an 
than many 

which all 
lecture-demonstra- 


operation only once, rather 


Also, the 


teachers bring to their 


times. enthusiasm 
tions is not diminished or dissipated by suc- 
cessive repeats of the same material 

He pointed out that because of television, 
teachers found they were paying more 
attention to visual systemization, which put 
rreater order and clarity into their demon- 


strations 


m7 7 
OPERATIVE DENTISTRY lecture-demonstra- 
tion by Dr. Frank M. Amaturo (left, seated) 
on closed-circuit television which is being 
used by Loyola University's School of 
Dentistry, help teach many subjects. 


TV CLOSE-UPS (above) seen on two large- 
screen monitors gives entire class of 94 
students intimate view of teacher's operative 
technique. 


Mr. Blickenstaff feels students’ attitudes 
are very toward the televised 
lecture-demonstrations. They receive better 
instruction than previously was possible and 
in less total time, he said. 


favorable 


In addition to being used to teach Opera- 
tive Dentistry, closed-circuit television is also 
used at Loyola’s School of Dentistry in the 
Dental Materials; Anat- 
omy; Physiology; Orthodontia; Oral Sur- 
gery; Prosthetics; Crown and Bridge; and 
in numerous clinical and laboratory demon- 
strations. 

Mr. Blickenstaff says that the television 
equipment has more than paid for itself. 
He said that $3,500 was spent originally for 
equipment, and that approximately $2,000 
more was invested in additional equipment 
over the months, 

‘But this investment has been insignifi- 
cant,” Mr. Blickenstaff said, “‘compared to 
the many audio-visual advantages we have 


following courses: 


gained from our closed-circuit television 


system.” 


Transistor Developed with 


Unsurpassed High Frequency Performance 


\ MAJOR ACHIEVEMENT that opens 
new possibilities in electronics was reported 
recently by Bell 
[his is a major breakthrough in transistor 


Telephone Laboratories. 


technology—new fabricating techniques for 
an entirely new kind of transistor. 

Ihe new device’s performance at very high 
other 
Development is under way pre- 


frequencies surpasses that of any 
transistor! 
liminary to manufacture. 

Key to the new fabricating techniques is 
the development of controls over microscopic 
chemical heart of the new 
transistor is a layer 50 millionths of an inch 


thick. 
Ihe new techniques involve the adaptation 


layers. The 
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of the chemical process of ‘“‘diffusion” used in 
treating silicon for the Bell Solar Battery. 
Diffusion is a which minute 
amounts of impurities are introduced in con- 
trolled amounts into a material. 

[he transistor consists of a three-layer 
The center layer is 
known as the “base.”? The other two are the 
emitter and collector layers. The narrower 
the base layer can be made the higher the 
frequency at which it will operate. Diffusion 
provides a high degree of control of such 
microscopic dimensions. 

Because of its very high frequency charac- 
teristics the new transistor appears to be 
ideally suited for application in guided 


process by 


chemical ‘‘sandwich.”’ 
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missiles and electronic ‘‘brains’ for military 
and computer uses. 

The new transistor could amplify 2,500 
telephone conversations simultaneously on a 
telephone line. This is three times as 
many as could be handled by the best 
previous transistor. It is also expected to be 
extremely useful in television transmission, 
which requires a much wider communication 
channel than a telephone conversation. 

Color television sets offer a possibility for 
the new transistor, too. Although vacuum 
tubes are now doing this job, the new tran- 
sistor is much smaller, requires less power, and 
does not heat up like a tube. It is expected 
to have a longer life than a vacuum tube. 
The new device has been made of both 
germanium and silicon, with striking im- 
provements in both. 

C. A. Lee, of Bell Laboratories, is chiefly 
responsible for perfecting the techniques 
with germanium. C. S. Fuller and M 
Tanenbaum have applied the diffusion tech- 
nique in making the new transistor from 
silicon. William Shockley and G. C. Dacey 
were instrumental in directing work that led 
to this development. 

Transistor performance has been measured 
in two principal ways. One criterion has 
been the number of oscillations or self- 
generated electrical pulses per second. A 
second criterion, considered by Bell scien- 
tists to be more significant, is the number of 
voice or communication channels that can be 
amplified. In this latter category, 
report that the new transistor is unequaled 

Experimental units of the device made at 
Bell’s Murray Hill, N. J., 
amplified by 100 to 1 currents across a 20- 


they 


laboratories have 
me-wide band. Either the amplification or 
the number of communication channels can 
be made three times that of any other trans- 
istor. ‘The number of communication chan- 
nels or pathways varies with the degree of 
amplification. For example, if the fre- 
quency band were cut in half, thus halving 
the number of channels, there would be 
twice as much power amplification. 
Currently available transistors have a 
frequency cutoff of 1-10 megacycles, and 
several recently announced transistors have 
had a frequency cut off between 100 and 200 
megacycles. Thus far, the new transistors 
have been found to reach a cutoff between 
500 and 600 megacycles. 
effective operation of many military elec- 


Even though the 





LABORATORY MODELS of new silicon and 
germanium transistors announced by Bell 
Telephone Laboratories shown in comparison 
with U. S. dime. Silicon transistor, with brass 
cap, is at left and germanium transistor, with 
glass cap is at right. Models give only im- 
pression of what final transistors will look like; 
smaller units will eventually be manufactured. 
Performance Of the new transistor at very high 
frequencies surpasses that of other transistors. 
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TECHNICIAN performing one of the operations in the fabrication 
Electrical contacts are made to 
germanium by vaporizing a metal onto the surface of the material. 
The bar of germanium is held in 


of the new germanium transistor. 


Later, wire leads are attached. 
vise under vacuum in jar. 


tronic devices is in a much lower megacycle 
range, the higher frequency cutoff would 
provide a greater number of communication 
channels or more amplification than previ- 
ously possible 

In making the new transistor, an impurity 
must be introduced only once into the grow- 
ing crystal. The fully grown crystal receives 
two other doses of impurity in the easily con- 
trolled diffusion process, which is more pre- 
cise than the older 
alloy processes 


“double-doping” and 
Both of these processes re- 
quire control, at very high temperatures, of 
the boundary between liquid and _ solid 
germanium or silicon, in order to determine 
the dimensions of the base layer. This is 
very difficult 


diffusion, in which the desired foreign atoms 


compared with controlling 
move through the solid crystal to the re- 
quired depths 


United Nations 
To Publish 16 Volumes 


The most complete survey of the status of 
development of nuclear power in the world 
for peaceful purposes will be published by 
the United Nations in 16 volumes, ‘“Pro- 
ceedings of the International Conference on 
the Peaceful Uses of Atomic 
The first available part will be Volume 3, 


Energy.”’ 


on “Power Reactors.” 

All the volumes of the series in English 
will be ready by early 1956 
tion price in the United States is $110 for the 
entire set. After completion of publication 
of all volumes, the price will be $130 per set. 

The editorial staff consists of: Robert A. 
Charpie, U.S. A.; Donald J. Dewar, Canada; 
André Finkelstein, France; 
United Kingdom; Jacob A 
Netherlands: Elwyn O. Hughes, Canada; 
Leonard F. Lamerton, U. K.; Aleksandar 


Prepublica- 


John Gaunt, 


Goedkoop, 


Marcu 1956 


making new transistors. 


they are diffused into material. 


Milojevic, Yugoslavia; Clifford J. Mos- 
bacher, Jr., U. N. Staff; Cesar A. Sastre, 
Argentina; and Brian E. Urquhart, U.N. 
Staff. 

Visitors may obtain the volumes as they 
become available at the U. N. Bookshop in 
the Headquarters Building 
approximate number of pages are 


Prices and 
listed, 
along with the title of each volume 


Volume 1, 
for Energy: 
$8, 544 pages. 

Volume 2, “Physics, Research Reactors,” 
$8, 520 pages. 

Volume 3, 
available, $7.50, 400 pages. 

Volume 4, “Cross Sections Important to 
Reactor Design,” $7 

Volume 5, 
$9, 700 pages. 

Volume 6, 
rhorium,”’ $9, 736 pages 


“The World’s Requirements 
The Role of Nuclear Power,” 


mentioned earlier as already 


50, 416 pages. 
‘Physics of Reactor Design,” 
“Geology of Uranium and 
Volume “Nuclear Chemistry and the 
Effects of Irradiation,” $10, 
Volume 8, “Production Technology of the 
Materials Used for Nuclear Energy,” $10, 
768 pages. 
Volume 9, 


Chemical Processing,” 


776 pages 


“Reactor Technology and 
$10, 864 pages. 

Volume 10, “Radioactive 
Nuclear Radiations in Medicine,” $8, 640 
pages. 

Volume 11, “Biological Effects of Radia- 
tion,” $8, 480 pages. 

Volume 12, “Radioactive Isotopes and 
Ionizing Radiations in Agriculture, Physi- 


Isotopes and 


ology, and Biochemistry,’ $9, 704 pages 
Volume 13, Administrative, 
Health, and Safety Aspects of Large-Scale 
Use of Nuclear Energy,” $7, 400 pages. 
Volume 14, “General Aspects of the Use 
of Radioactive Isotopes; $6.50, 
312 pages. 


“Legal, 


Dosimetry,” 
Volume 15, “Applications of Radioactive 


Isotopes and Fission Products in Research 
and Industry,” $7.50, 400 pages 
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APPARATUS used at Laboratories to control, automatically, diffusion process used 
Panel at left controls flow of chemical impurities and gas 
through the tubes coiled in tank of water in center. 
duced into oven at right, where, under gas and at carefully regulated temperatures, 
An attendant can easily check the progress. 


From tubes, impurities are intro- 


Volume 16, “‘Record of the Conference 
$5, 350 pages. 


Complete sets or individual copies can be 
obtained from United Nations official sales 
agents in the various member countries 

In the United States, orders should be 
sent to: International Documents Service, 
Columbia University Press, 2960 Broadway, 
New York 27, N. Y. 
mation, write: Sales and Circulation Sec- 
tion, United Nations, New York, N. Y 


For additional infor- 


Top-of-Range Cooking 
Thermostatically Controlled 


A complete holiday meal—everything 
from chicken fricassee to crepe suzettes-——was 
prepared in a recent demonstration of 
thermostatically controlled, top-of-the-range 
cooking before the New Jersey Home Eco- 
nomics Association. 

Miss Rhea Shields, home economics dire¢ 
tor for Robertshaw-Fulton Controls Com- 
pany, described the “thermal eye” tem- 
perature control on top of the range as “‘the 
first cousin to the oven heat control.”’ This 
revolutionary new control now is featured on 
1956 models of various well-known “makes 
of kitchen ranges, she explained. 

Scorched pans, boil-overs, and scouring 


are eliminated, and it prepares food better 


It eliminates the necessity of paying close 


attention to what goes on on top of the 
range—the control turns down the gas whet 
the dialed temperature is reached, turns the 
flame up again as needed. Thus, thermo- 


static controls mean inexpensive cooking 


“*because the heat is on only when you need 
it.” 

Demonstrating these points, Miss Shields 
prepared an entire meal in the home eco- 
nomics kitchen at Public Service Auditorium 


where the meeting was held 





THERMAL EYE controls temperature on top-of-range cooking demonstration which will 


revolutionize meal preparation methods 


She showed how the “‘thermal eye,”’ which 
is located where the bottom of the cooking 
vessel touches the burner, controls the tem- 
perature, 

When the dial is turned to 200 degrees, for 
example, the flame comes on and stays on 
until the food is 200 degrees. Then the con- 
trol turns off the flame and keeps the food at 
200 degrees until needed. 

The meal prepared by Miss Shields in- 
cluded “‘baked”’ potatoes—cooked in a dry 
pan, unwrapped, on top of the stove, at 375 
degrees. Frozen green peas to which a 
little water and butter 
dialed at 205 degrees. 

Rolls were kept hot at 190 degrees all 
through the demonstration without turning 


were added were 


once. Bread custard also was made on top 
of the range at 190 degrees. Chicken fricassee 
was the chief item on the menu 

Custards 
the range, without a double-boiler—can be 
cooked on top of the range now instead of 
in the oven 

A colorful Bing cherry sauce was made for 
the custard. Anchovy hors d’oeuvres and 
sausages also were prepared. But the dish 
that brought actual applause from some 50 
home economics specialists who were present 
was crepe suzettes, made easily by setting 
the control at 340 degrees. 

And, of course, there was coffee 

“The old statement that coffee makes the 
meal now has competition,’’ Miss Shields 
said. ‘‘We now say that the ‘thermal eye’ 


makes the meal—delicious.”’ 


Airborne Operations Radio 


Developed by Signal Corps 


A versatile long-range radio for jeeps, 
tanks, and trucks that goes on the air mo- 
ments after being parachute-dropped in its 
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most difficult to make on top of 


vehicle has been developed by the Signal 
Corps Engineering Laboratories of Fort 
Monmouth, N. J., and the Collins Radio 
Company, Cedar Rapids, Iowa. 

Engineered to replace models used in 
World War II and in Korea, and up to four 
more powerful, the set combines 
advanced design with better parts to pack 
more power into a smaller space. It covers 
more distance, and gives clearer signals. 

Identified in military nomenclature as the 
AN/GRC-19, the new Signal Corps trans- 
mitter-receiver can do many things formerly 
impossible with any combination of sets in 
its class. 

In forward combat areas its extremely 
wide frequency range offers a better oppor- 
tunity for infantry, artillery, and armor to 
talk to each other, knitting these units into a 
harder-hitting tactical team. 

Messages now can be sent over mountains 
or other barriers without relay radios. An 
airborne group parachuting a few hun- 
dred miles inside enemy lines can report 
almost immediately to command _head- 
quarters. Or friendly troops in separated 
valleys—with a division often spread 40-50 
miles as in Korea—will have instant com- 
munications. 

Both voice and radio teletype messages 
can be sent and received at the same time. 
A few added parts link in the Signal Corps 
lightweight 100-word-per-minute _teletype- 
writer—an impossibility with earlier sets. 
The transmitter can be remotely controlled 
from up to 75 feet away. 

The new radio has seven channels pre-set 
as in push-button models. The operator 
merely switches to the one he wants, presses 
his microphone button, and talks. Releas- 
ing his microphone button, the receiver cuts 
in automatically. 

For any other channel, he turns a dial to 
the right number on the panel. It looks 
like the car’s total mileage indicator. A 
few seconds later a red light flashes ready. 


times 
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A beginner can be taught in 10 minutes 
how to use the set. The radio does the rest 
by automatically tuning itself and _ its 
antenna. 

Upkeep in the field is as easy. Any de- 
fective part is unplugged and another in- 
serted. Replaced parts are repaired later 
at depots. 

Stability has been so greatly improved 
that crystals are no longer needed to keep 
the new set tuned on a channel. This does 
away with substituting crystals whenever 
new frequencies are wanted. Earlier models 
depended on these quartz devices to lock in 
the wanted frequency and prevent drifting 
off channel. 

Ihe new radio is powered by its vehicle’s 
regular battery, plus a special generator and 
fits snugly into its reserved space in recon- 
naissance cars, tanks, and jeeps. 

It works in temperatures from —40 to 
+149 F, in rain, sleet, or snow. By re- 
versing a few small ventilating covers it can 
be sealed for long periods in all kinds of 
weather. 


Largest Stainless 
Steel Skyscraper Completed 


The Socony Mobil Building, occupying 
the square block between 41st and 42nd 
Streets, and Lexington and Third Avenues 
is the first office building in New York’s 
Manhattan to be supplied with 265/460 volt 
current. This simplifies installation and 
reduces costs of supplying electric power. 

The electrical engineering was handled by 
the Edward E. Ashley firm. Elevators and 
escalators were installed by the Otis Elevator 
Company. The Carrier Corporation sup- 
plied the air conditioning equipment which 
was installed by Kerby Saunders, Inc., who 
also installed the heating and ventilation 
units. Electric installations were made by 
Fischbach and Moore, throughout the 
building. 

Approximately 750,000 pounds of 0.037 
inch thick 18-8 chromium nickel, type 302 
stainless steel were used in the building. 
This stainless was annealed, pickled in acid, 
then lightly cold rolled to give a moderately 
bright uniform surface, and the sheets shipped 
carefully packed in flat crates with paper 
between stainless sheets to protect them from 
scratching or staining. 

Welding used in the erection of the stain- 
less skin and windows approximated 3,000 
feet. The Airco welding equipment and 
cutting torches were supplied by Air Reduc- 
tion Co., Inc., one of the future tenants of 
the building. 

Vertical transportation will be provided 
for the occupants of the skyscraper by 32 
Otis Autotronic-without-attendant type pas- 
senger elevators plus two escalators, four-feet 
wide, which will run from the shop line of 
the concourse to the lobby on the street 
level. All parts and trim of the elevators 
and escalators are of stainless steel. The 
elevators will vary in speed from 500 to 1,200 
feet per minute (fpm) with 3 service and i 
freight signal control. The escalators can be 
adjusted in speed either to 90 or 120 fpm. 
Each group of elevators is automatically 
operated by a supervisor who merely turns 
the traffic flow dial to select a suitable operat- 
ing program for the traffic needs of the 
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moment. Cars are then automatically dis- 
patched at adjusted intervals to the various 
floors. A load weighing device under the 
floor of each elevator operates in such a way 
as to cause a filled car to be dispatched ahead 
of time from a terminal and to run express, 
stopping only for car calls. An electronic 
detector stops and reverses both doors of the 
elevator simultaneously when a passenger is 
within a few inches of the leading edge of 
either door. When the normal closing time 
of the door is appreciably delayed, a loud 
buzzer sounds in the elevator and the doors 
proceed to close at a reduced speed, gently 
but firmly nudging passengers out of the 
entrance. 

To add to the comfort of tenants and 
visitors to the building, 1,300 Yale No. 90 
series door closers will eliminate the annoy- 
ance of slamming doors, and will help to 
assure the utmost efficiency from the air 
conditioning system throughout the building 
by their positive closing action. 

The windows in the building are water and 
air tight. A 
chloride (a plastic) was electronically welded 


double gasket of polyvinyl 
between the stainless steel sash and frame, 
making the windows leakproof. The win- 
dow prototype was hurricane tested in 
Miami, Fla., before being installed through- 
out. The mitred corners of each window 
were arc welded using a thin tungsten elec- 
trode within an argon gas shield. The outer 
frames are reinforced with triangular stiff- 
eners spot welded to the frame and jamb. 
The Committee of Stainless Steel Pro- 
ducers of the American Iron and Steel Insti- 
tute at 350 Fifth Avenue, New York, N. Y., 
have been keeping up-to-date data on the 
largest metal-clad building erected in the 
world, and can be of further assistance if 
additional information is required. 


Donation to Speed Scientific 
School for Construction of Building 


Speed Scientific School was the recipient 
of a gift of $450,000 toward construction of a 
building for Civil and Electrical Engineering 
donated by Mr. and Mrs. W.S. Speed. This 
is a continuation of the gifts of the Speed 
family which now total in excess of $1 million, 
as announced by Dean R. C. Ernst of the 
school. The growth of the Speed Scientific 
School has been closely related to the gen- 
erosity of the Speed family, since its estab- 
lishment in 1925. 


Recording and Playback 
Head Tops Four-Million CPS 


Development of a new magnetic recording 
and playback head capable of handling over 
4-million cycles per second at a tape speed of 
20 feet per second was announced in Cleve- 
land today by William G. Laffer, president 
of Clevite Corporation. 

This tiny employs a non- 
metallic structure not heretofore used in this 
field and will greatly extend the use of 
magnetic recording in new areas of tech- 
nology because of its extraordinary ability to 


component 
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record and reproduce densely stored mag- 
netic information, Mr. Laffer declared. 

Nearly 20,000 cycles can be recorded on 
each inch of a magnetic tape, an achieve- 
ment considered impossible only a few 
years ago, he said. 

The new magnetic head will improve the 
techniques of recording television programs 
on magnetic tape, rather than on film, for 
later broadcast. It will also more than 
double the amount of information that can be 
recorded in the magnetic storage devices 
which are essential parts of many electronic 
computers. It also opens new horizons in 
certain advanced types of military equip- 
ment. 

Mr. Laffer said sample heads will soon be 
available to industry through Brush Elec- 
tronics, Clevite’s second largest operating 
unit, which is the country’s leading supplier 
of high quality magnetic recording and play- 
back heads for industrial and home equip- 
ment. 

The device was developed by Otto Kornei, 
head of the magnetic components section at 
the Clevite Research Center, one of the 
nation’s leading authorities on disc and 
magnetic recording, and holder of more than 
20 patents in that field. 


“Tube-In-Strip” Added to 
Revere Mill Products Line 


A new mill product in the form of a single 
strip, or sheet, of solid copper, brass, or 
aluminum in which tubes are inflated to 
desired running lengths in a variety of shapes 
or sizes has been announced by J. M. Ken- 
nedy, chairman of the board of Revere 
Copper and Brass Inc. 

Designated as “Tube-In-Strip,” the new 
product is said to have almost limitless and 
immediate applications in the heat exchange 
field, including refrigeration and air con- 
ditioning, chemical, food and petroleum 
processing, automobile radiators, water 
heaters and coolers, gas heaters, radiant 
panel heating, and electronics, among others. 

As produced, these coils and sheets of 
Tube-In-Strip are not discernibly different 
from the standard strip and roll products 
normally produced in the rolling mill. 
However, this new material has incorporated 
within it expandable portions which can be 
inflated by the user into continuous running 
lengths of tube of whatever size and spacing 
or combinations of sizes and spacings might 
have originally been designated. Except 
for the expandable portions, the metal is a 
solid strip of metal derived from a suitably 
treated casting. The product does not 
consist of two pieces of metal brazed, welded 
and rolled together. It can be stamped or 
drawn into desired shapes prior to the expan- 
sion of the channels. The expanded chan- 
nels can be made circular in section, or 
during the expansion operation the metal 
can be forced into dies for the purpose of 
producing other than circular sections. It is 
also possible to inflate channels on one side 
of the strip or sheet only, leaving the other 
surface flat. 

The basic method of producing this ma- 
terial is covered by pending patent applica- 
tions and manufacturing procedures have 
been developed for copper and brass, the 
copper base alloys in general, aluminum and 
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aluminum alloys, zinc, and other ferrous 
and nonferrous metals. 

Mr. Wilkins said that Tube-In-Strip can 
be furnished exactly as other sheet metal mill 
products of Revere, in long coils or in cut 
flat sheets in widths up to 16 inches at 
present and wider later, the determining 
factor being the size of the casting billet 
from which the product is rolled to its 
desired width or gauge. 

Revere plans to ship Tube-In-Strip to the 
consumer uninflated, thus making possible 
substantial shipping economies because it 
will be handled just as easily as sheet metal 
products when shipped in coils or in sheets; 


FOR REFRIGERATION this new product can be 
inflated on one side only by expanding in 
appropriate dies. A sample of a section of 
Tube-In-Strip formed for possible automotive 
use—in car or truck radiator. Coils of metal 
with @ corresponding pattern of channels can be 
supplied in copper, brass, or aluminum. 


BENDING PROPERTIES are easily seen in the 
inflated Tube-in-Strip shown here which was 
formed on multiple die and hand bends after 
inflation using normal tube bending techniques. 
Product is shipped by Revere to customer unin- 
flated in coils of strip or flat sheet. 


TUBE-IN-STRIP can be inflated in a coil of any 
desired length, as above. This new Revere mill 
product is ordinarily shipped uninfiated in coils. 
Part of coil in the picture has been uninflated. 
A suggested manifold assembly of Tube-in-Strip 
shows a close-up of the end preparation with 
web cut away (inset). 
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[his is possible because inflating tech- 
niques are flexible and generally simple. 
For example, for thin-walled tube air pres- 
sure may be entirely adequate while for 
heavy walls hydraulic means of inflation may 
be better. 


Tube-In-Strip can be joined by means of 


Manifolds, 


for either series or parallel flow, are easily 


normal commercial techniques. 


produced either before or after inflation, and 
return bends can be brazed, soldered ot 


welded readily. 


Sales Music in 


Every Grocery Store 


Background music to increase sales and 
employee efficiency in almost every grocery 
store and supe rmarket may soon be a reality 
because of a low-cost, mass-produced back- 
ground music system now being introduced. 

Called COMAX, and manufactured by 
COMAX, Inc., 333 West Excelsior Blvd., 
Hopkins, Minn., this device plays approxi- 
mately six hours of continuous music before 
the mechanism raises the entire stack of 
records and replays them, giving continuous 
music without attention all day long. 


Because ordinary 45-rpm extended play 








BACKGROUND MUSIC address 
system, utilizing extended-play 45-rpm records 
plays both sides of 25 records before restacking 
and starting over completely automatically. 


and public 
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records are used, it is possible to choose 
music fitted to the season, time of day and 
business conditions merely by changing the 
selection of records. The unit is also used as 
a public address system and comes complete 
with a desk microphone. 

I'he machine has a capacity of 25 records 
for approximately 6 hours of continuous 
play. The tone arm plays both sides of each 
record automatically and never repeats the 
same selection succession. The 
three basic actions of the stacking mecha- 


twice in 


nism, tone arm movement, record changing, 
and restacking, are actuated by electro- 
mechanical clutches. Power is supplied by a 
2-pole motor and the turntable is powered by 
a separate continuous-duty type of 4-pole 
motor. 

The basic model is equipped with a 15- 
watt amplifier, sufficient power to handle 
approximately 20 indoor speakers. Other 
models are available without desk micro- 
phone and amplifier for use where there are 
already amplifiers available. Output im- 
pedences are 4, 8, 16, 250 and 500 ohms and 
there is a 70-volt constant voltage tap. 


Awards Established 
for Welding Progress 


The James F. Lincoln Arc Welding 
Foundation of Cleveland, Ohio, is offering 
$20,000 in cash awards for ideas or sugges- 
tions that will accelerate progress in arc 
Residents of the United States or 
its possessions are invited to submit ideas to 
the Foundation on any aspect of arc welding 
that can be used to advance welded design, 
welding engineering, or the general applica- 
tion of the arc welding process. 


welding 


No restric- 
tions are placed on either the nature or the 
extent of ideas that may be submitted for 
The $20,000 will be distributed in 
20 awards with a top award of $5,000, others 
will be on a declining scale. All ideas must 
be submitted by July 30, 1956. 

Dr. E. E. Dreese, chairman of the Founda- 
tion, describes the offer as an exploratory 
program to discover ways in 


award 


which arc 
welding can continue to progress. Welding 
is widely used in making machinery of all 
types, erecting buildings, bridges, and other 
structures and for maintenance’ work, 
generally in industry, business, and farming. 
The Foundation seeks to stimulate con- 
tinuous progress in all of these fields by 
exploring all ideas which will contribute to 
the objectives for which it was established 
in 1936. 

Complete rules are 
Lincoln Arc 
Welding Foundation, which is located in 
Cleveland 17, Ohio. 


information and 
available from The James F 


Oak Ridge Institute 
Nuclear Studies Activities Calendar 


Listed in date order are the various courses 
offered at the Oak Ridge Institute of Nuclear 
Studies (ORINS) which is sponsored by the 
Atomic Energy Commission. 

In addition, the Oak Ridge School of 
Reactor Technology is now accepting appli- 


cations for enrollment in the 1956-57 session. 
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Course 


5th Oak Ridge Regional 
Symposium: **Atomic 
Energy and Agriculture,” 
Tuskegee Institute 


Date 


Mar. 9-10 


11th Veterinary Radio- 
logial Health Course, Oak 
Ridge 


6th Oak Ridge Regional 
Symposium: “Atomic 
Energy and _ Science,” 
University of Arkansas, 
Little Rock 


7th Oak Ridge Regional 
Symposium: **Atomic 
Energy and _ Science,” 
University of Arkansas. 
Fayetteville 


Apr. 16 50th Basic Course in 
May Radioisotope Techniques, 
Oak Ridge 


“Atomic 
Energy and the South,” 
Atlanta 


Apr. Conference on 


‘**Atomic 
Energy and the South,” 
Oak Ridge 


Apr. Conference on 


May 14 51st 
June 8 


Basic Course in 
Radioisotope Techniques, 
Oak Ridge 


Summer Institute _ for 
Secondary-School Science 
Teachers, sponsored by 
NSF at ORINS 


June 11 
July 6 


Summer Institute for Col- 
lege and University Sci- 
ence Teachers, sponsored 


by NSF at ORINS 


July 9 
August 3 


Aug. 6-31 52nd Basic Course in 
Radioisotope Techniques, 


Oak Ridge 
53rd_ Basic Course in 
Radioisotope Techniques, 
Oak Ridge 


Sept. 3-28 


The School is a division of the Oak Ridge 
National Laboratory, which is operated by 
Union Carbide and Carbon Corporation for 
the U. S. Atomic Energy Commission. In- 
dustrial organizations and Government agen- 
cies are invited to sponsor people from their 
technical staffs for this 50 week training pro- 
gram in nuclear reactor engineering. The 
deadline for receipt of applications is March 
12, 1956; the session begins on September 
10, 1956. Further information and appli- 
cation forms may be obtained from the 
Director, Oak Ridge School of Reactor 
Technology, Oak Ridge National Labora- 
tory, P. O. Box P, Oak Ridge, Tennessee. 


International Conference 
on Large Electric Systems 


The International Conference on Large 
Electric Systems (C.I1.G.R.E.) will hold its 
16th Biennial Convention, from May 30th 
to June 9th, in Paris, France. 

This international association has at 
present 2,000 permanent members belonging 
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to 43 countries, and plays a very important 
part in the discussion and diffusion of im- 
provements in the electrotechnique as re- 
gards large power plants and high voltage 
transmission lines. 

It has become the international rendezvous 
of many specialists, and its conventions pro- 
vide useful information to all engineers wish- 
ing to be kept informed of the latest im- 
provements. Its previous convention, held 
in 1954, was attended by 1,529 participants 
belonging to 50 countries. 

There will be 116 papers offered and dis- 
cussed in 1956. The two languages used 
for the papers and discussions will be French 
and English: specialized translators and 
interpreters will enable any person having a 
good knowledge of one of these two languages 
to derive great benefit from attending. 

The subjects to be discussed are: gener- 
ators, transformers, circuit breakers, high 
voltage cables, towers and tower foundations, 
overhead lines and vibrations, insulators, 
protection and relaying, system stability-load 
and frequency control, extra high voltage 
lines, and d-c extra high 
voltage. 

The C.I.G.R.E. is represented in the 
United States by the U. S. National Com- 
mittee—C.1.G.R.E., 50 Church Street, Room 
1777, New York 7, N. Y. 

President of the organization is Philip 
Sporn; H. L. Melvin is vice-president; 
and I. W. Gross is secretary treasurer. 


transmission at 


Industrial Research 
Fellowship Offered by IBM 


International Business Machines Cor- 
poration (IBM) has announced that it will 
award industrial research fellowships to 
enable recipients to continue their academic 
research programs beyond the doctoral level. 
The grants will be made annually by a 
special awards committee headed by Dr. 
A. L. Samuel, research advisor at IBM, and 
assisted by a panel of scientists and educators. 

The program will support significant re- 
search which might not otherwise be under- 
taken and although projects need not have 
direct bearing on IBM’s development pro- 
gram, preference will be given to proposals 
which fall within the company’s broad range 
of interest and can be continued without 
difficulty in IBM research laboratories. 

Fellows will be provided with working 
space at the company’s Poughkeepsie Labo- 
ratory, where they will be permitted to at- 
tend internal seminars and meetings and 
share in the use of all facilities, including the 
IBM 704 Electronic Data Processing Ma- 
chine installed there. They will 
financial support, individually determined, 
and will be provided with the full-time assist- 
ance of one or more technicians, as required 
by their programs. 

In addition to Dr. Samuel, the following 
have been appointed to the IBM Post- 
Doctoral Fellowship Awards Committee: 
Dr. W. J. Eckert, director, Watson Scientific 
Computing Laboratory; Dr. L. P. Hunter, 
manager, Physical Research Department, 
IBM Research Laboratory, Poughkeepsie; 
Nathaniel Rochester, manager, Information 
Research Department, Poughkeepsie Labo- 
tory; and Dr. L. H. Thomas, senior member, 
Watson Scientific Computing Laboratory. 


receive 
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LETTERS TO THE EDITOR 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Electrical Oddities 


To the Editor: 

Last Fall an executive of the American 
Water Works Association (AWWA 
speaking of the cost of water per ton as 
against other commodities, and I told him 
he should use a really valuable product 
where the “value added in manufacture” was 
truly large. When I suggested the “‘weight”’ 
and per ton for kilowatt-hours, he 
thought I was trying to pull his leg, so I had 
to make good. I had never seen any figures 
as to the “weight” of a kilowatt-hour, and 
not being able to find them at the local 


was 


cost 


stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


library, I had to make my own calculations 

35 years from my EE). Attached is a set of 
the calculations, and if they are in error, what 
is a few billion, more or less, among electrical 
engineers? I have applied for no copyright 
on it, so if some enterprising utility wants t« 
use it as a basis of charge in this age of in- 
creasing use of electrical energy, so let ti 
do it 


em 


B. J. GEORGI 


Registered Professional Engineer Missouri N 


.S. Water can be bought at 5—10c per ton. 


How Much Does A Kilowatt-Hour Weigh? 


Weight of the Electron: 
A. ‘Standard Handbook for Electrical 
Mass of an electron = 0.911 X 107 
B. ‘Engineering Electronics,’ Happell 
**Rest’’* Mass of an electron = 9.11 
‘Primer of Electronics and Radiant 
billion, billion to weigh an ounce. 
D. Calculation of electrons per pound: 
(1) One pound = 16 ounces = 16 


453.6 


Electrons per pound 
0.9 


497.9 x 


50 

(This is 31 X 10? electrons per 

( ? 

(3) 28 billion, billion, billion 
and (2). 


Electrons per Kilowatt-Hour: 
A. “Standard Handbook for Electrical 
The charge of an electron = 1.602 
B. “Engineering Electronics’’ 
Charge of an electron 1.60 « 10 


Engineers” (1949 
27 grams 
& Hesselberth (1953 
x 10-3! ke. 
Energy,” Coverly (1952 


‘**More than 28 billion, 


x 28.3495 
grams 
453.6 
il <X 10-* 

1027 

< 10% (approximate ) 
ounce. ) 


2) Results are the same as for foregoing (1 
Rx 


1027 electrons per ounce, which checks (1) 


Engineers” 
<x 107!* coulombs 


® coulombs 


Calculation of electrons per kilowatt-hour 


One 100-watt lamp at 110 volts 

A coulomb is one ampere for one se 
1 

1.602 « 10 

= 6.24 x 

One kilowatt-hour at 110 volts 


One coulomb ele 
3 


= 0 
= 3 
32,400 * 6.2 
202,176 X 1( 
202 « 107: 


about 200 


One kilowatt-hour 


Calculation of ‘‘Weight” of a Kilowatt-f 
One kilowatt-hour = 200 
One pound 


50 X 10% electror 
‘ 200 X 
Therefore, one kilowatt-hour - 

50 X 


4x 10 
0.000006 


4 


0.9 amp 


cond. 


ctrons 


10'5 electrons. 


9 x< 60 & 60 & 10 
2,400 coulombs 

4 X 10% electrons 
pis 

Or 


107! electrons 


Tour 


x 107 electrons. 


18. 
107! 
1028 

7 Ib. 
)4 |b. 


lb 
10,000,000 
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Retail Sale Price of a Kilowatt-Hour 
Assume 4 cents per kilowatt-hour 


$0.04 * 10,000,000 
4 
= $100,000 per lb. 
= $200,000,000 per ton 
For other costs per kilowatt-hour, 


Cost per pound 


proportionate costs. 


* 1,500-2,000 miles per second, the error being only 2 


at 1/2th mile per second 


NOTE: days of electric service, kilowatt 


hours were sold by ‘“‘weight.” The electrochemical 
meters deposited metal on plates which were weighed 
The energy used was calculated from these and billing 
was based on these figures 


In the early 


Franklin’s Priceless Gift 


To the Editor: 


True it is that out of his clarity of thought 
and power of simple exposition, Benjamin 
Franklin contributed to a better under- 
standing of early electricity. But Mr. C. L. 
Jordan, in his article on “‘Benjamin Frank- 
lin’s Priceless Gift to Electrical Engineering,” 
in the January issue of Electrical Engineering, 
indulges in such fanciful hero-worship as to 
violate electrical history and require correc- 
tion. 

Franklin’s book came out in a series of edi- 
tions of different degrees of completeness, 
published in London in the 1750’s and 60’s 
by his friend who first attracted him to the 
subject, Peter Collinson. The book was a 
collection of Franklin’s letters to Collinson 
reporting on his progress and ideas in experi- 
menting with apparatus sent over by Collin- 
son (and apparently by one of the Penns). 
He was guided by the considerable European 
literature on the subject then developing. 
Franklin had been drawn to the mysteries of 
electricity by the spectacular wave of ad- 
vance that had preceded him, and which 
the present writer recently sketched in an 
article ““The Electrical Flare of the 1740's,” 
published in the May 1955 issue of Electrical 
Engineering. 

Franklin’s general position in the field is 
indicated by a contemporary scientist, he 
who translated into German, as of 1758, 
Franklin’s letters, Prof. J. C. Wilcke. In 
his introduction, Wilcke praised Franklin for 
his explanation of the Leyden Jar (which 
proved to be wrong in respect to the role of 
the glass), but of Franklin’s hypotheses 
generally he said: “The improving of the 
theory of Electricity, is an excellent piece of 
work . . . I say the improving of this theory. 
[he system itself and the principles thereof 
which I shall outline briefly, are no discover- 
ies of Mr. Franklin. One finds them al- 
ready in other writings which were written 
before Franklin and of which we can assert 
according to Franklin’s own words, that he 
read them. Mr. Watson and Mr. Elliot 
used them already in their treatises. . .” 

With this bit of background, consider 
several of the claims made for Franklin by 
Mr. Jordan: 

1. Franklin’s book is said to have “‘be- 
come an important text in many American 
and European schools.” ‘This the present 
writer has been unable to verify. It seems 
doubtful in view of the nature of the book, a 
collection of letters, not intended as a text 
book. 
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2. Of the common words used by Frank- 


lin “‘probably for the first time’ in connec- 
tion with electricity: Several appeared in 
in the literature earlier: shock, charge, con- 
ductor, non-conductor, The most famous 
terms, “plus and minus,” were an apt re- 
naming of the earlier “‘surplus and deficite”’ 
conception of Nollet, and the still earlier, 
and more correct, interpretation of the oppo- 
site polarities of “vitreous and resinous” elec- 
tricity, by Du Fay. Hence, Kettering’s 
statement attributing to Franklin the first 
formulation of “‘the theory that electricity 
could exist in two states,” is erroneous. 

3. As to the list of similarities between 
electricity and lightning, given as if Franklin 
were the originator: They had been built 
up over the years as man learned how to pro- 
duce more and more powerful discharges 
making the similarity more evident. They 
appear repeatedly in literature before Frank- 
lin; he was merely repeating them with some 
embellishment. For example, Prof. Winkler 
in his book of 1746 devotes a whole chapter 
(No. X) to these similarities. They con- 
vinced him that man-made electricity was 
miniature lightning. He speculated upon 
the generation of electricity in the clouds, as 
did Franklin in turn. 

4. The electrical dinner described by 
Franklin is said by Mr. Jordan to have been 
“the spark which showed the way to our 
modern electric kitchens. -’ Actually, 
Franklin was joking, in good spirit(s)! His 
proposed dinner was a burlesque on the 
similar ‘stunts’ of his European colleagues, 
and in recognition of his chagrin at having 
been able ‘“‘to produce nothing in the way of 
use to Mankind.” Useful electricity had to 
await the discovery of another kind, more 
amenable to control—the so-called Gal- 
vanic or Voltaic electricity, and the dis- 
covery of electro-magnetism, the dynamo, 
etc, etc. These came the following century, 
through such as Volta, Oersted, Ampere, 
Faraday, Ohm, Henry, whose names are 
forever engraved upon the standards of elec- 
tricity as that science did produce “practical 
applications.” Let not their credit be ad- 
vanced to Franklin on this 250th anniversary 
of his birth; he has credit enough of his own. 
May Electrical Engineering keep electrical 
history objectively clear through all the 
anniversaries, is the prayer of this one more 
letter on Franklin! 


Sincerely, 
LLOYD ESPENSCHIED (AM ’18, M °18, F °30 


(Bell Telephone Laboratories, Inc 


First Transoceanic Telephone Cable 


To the Editor: 

The article appearing under the general 
departmental heading “Of Current Interest’ 
on page 741 of the August 1955 issue of Elec- 
trical Engineering is of very great interest, and 
it is hoped and confidently expected that 
further bulletins recording the progress of this 
great undertaking will appear from time to 
time in the official publication of our Insti- 
tute. 

However, in view of the reputation of the 
magazine for a punctilious regard for accu- 
racy, I feel it is only proper to point out that 
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while a number of corporations and commis- 
sions are mentioned in connection with this 
undertaking, no mention at all is made of the 
great organization which is manufacturing 
and supplying almost the whole of the cable 
itself. 

A later article has appeared in the Novem- 
ber 1955 issue of the Journal of the Institu- 
tion of Electrical Engineers (Great Britian). 
This article reports on the laying of the first 
long ocean section, and points out that the 
bulk of the cable had been made by a British 
firm whose forerunners had made the first 
submarine cable over 100 years ago. 

Submarine Cables Limited, a corporation 
jointly owned by Messrs. Siemens Brothers & 
Company Ltd., and The Telegraph Con- 
struction & Maintenance Co. Ltd. of London, 
England, has been entrusted with the con- 
tract for the manufacture of 93% of the 
entire amount of submarine cable required 
for the project, and has actually produced 
ahead of schedule 83% of the first 1950 
nautical mile link between Clarenville, New- 
foundland, and Oban, Scotland, which was 
laid by H.M.T.S. Monarch in September 
1955. Included in the 93% above mentioned 
is the 275 nautical mile link for the crossing of 
Cabot Strait between Terrenceville, New- 
foundland, and Sydney Mines, Nova Scotia 
next year. 

Contribution of Messrs. Submarine Cables 
Ltd. is valued at over 5 million pounds 
Sterling, and an entirely new factory was 
built and equipped at Erith in Kent in con- 
nection with the production of the trans- 
atlantic telephone cable. 

Progress reports on great undertakings of 
this type are of very great interest and are 
eagerly read by all practicing electrical engi- 
neers. Therefore, if credits are to be given 
at all to individual corporations connected 
with such projects, it would seem well that 
these be kept in their proper perspective. 


Very truly yours, 
PHILIP J. CROFT (M °43) 
(Canada Wire and Cable Company, Ltd.) 


EDITOR’S NOTE. It is inferred in the item to which 
Mr. Croft refers that the cable laid from Newfoundland 
to Scotland was supplied by the Simplex Wire and 
Cable Company, whereas it was manufactured by the 
British concern 


NEW BOOKS 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question, 


SILICIC SCIENCE. Ernst A. Hauser. D. Van 
Nostrand Company, Inc., 250 Fourth Avenue, New 
York 3, N. Y., 1955. 188 pages, 9!/4 by 6*/4 inches, 
bound. $5. This monograph covers the composition 
and structure of siliceous compounds, ion-exchange 
reactions of silicate, ultra- and electron-microscopy of 
silicates and clays, the reaction of bentonite with organic 
compounds, and related subjects. Soil stabilization 
and silicones are treated in separate chapters, and the 
last chapter briefly reviews applications of silicic chemis- 
try in ceramics, agriculture, drilling fluids, and in other 
fields. Chapter bibliographies are included. 


STATIC AND DYNAMIC ELECTRON OPTICS 
By P. A. Sturrock. Cambridge University Press, 32 
East 57th Street, New York 22, N. Y., 1955. 240 pages, 
88/4 by 5'/2 inches, bound. $5.50. This monograph is 
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an account of the focusing of charged particles in static 
electromagnetic fields and in time-dependent electro- 
magnetic fields as in particle accelerators. The author’s 
aim has been to show the usefulness in these studies of 
certain concepts drawn from classical optics and dy- 
namics; to develop procedures for the study of image- 
formation in electron-optical instruments and of stability 
in particle accelerators; and to apply these procedures 
to the analysis of electron lenses, mass spectrographs, 
cathode-ray-tube deflectors, and certain accelerators. 


SWITCHING RELAY DESIGN. By R. L. Peek, Jr. 
and H, N. Wagar. D. Van Nostrand Company, Inc., 
250 Fourth Avenue, New York 3, N. Y., 1955. 478 
pages, 91/4 by 61/4 inches, bound. $9.50. The ac- 
count of the major relations controlling relay design 
which forms the first part of this book is suitable as an 
elementary text. Part two is a more detailed treatment 
of the subjects of part one and is intended as a reference 
book and design manual for relay engineers. The main 
topics covered include the mechanics of materials as 
related to spring design problems, the theory of vibra- 
tions as related to the motions of springs and relay 
members, and the performance relations of electro- 
magnets, 


TECHNICAL PUBLICATIONS. By C. Baker 
John Wiley and Sons, Inc., 440 Fourth Avenue, New 
York 16, N. Y., 1955. 302 pages, 88/4 by 5%/s inches, 
bound. $6. This is a guide specifically intended to aid 
engineers and other technicians in the preparation of 
engineering manuals, instructional leaflets, reports, 
and other types of technical publications. It deals with 
the selection of a style suited to the user, the use of clear 
language, methods of presentation, the use of illustrations, 
methods of reproduction, and preparation of copy for 
printing. Also briefly discussed are the use of technical 
literature in the aircraft industry, questionnaires, and 
specification writing. 


TRANSISTOR ELECTRONICS. By Arthur W. Lo 
and others. Prentice-Hall, Inc., Englewood Cliffs, 
N. J., 1955. 521 pages, 8!/: by 6 inches, bound. $12 
Emphasis in this book for advanced students and elec- 
tronics engineers is on fundamental circuit aspects of the 
transistor and the physical principles governing transistor 
operation as a basis for practical circuit design. Pro- 
ceeding from discussion of transistor physics and general 
properties of the transistor as a circuit element, the book 
takes up stabilization of the d-c operating point, low 
frequency amplifiers, high frequency operation, high- 
frequency amplifiers, oscillators, modulation, and pulse 
circuits. The effect of various physical phenomena of 
transistor action on equivalent circuits is also covered 


PROCEEDINGS OF THE AMERICAN POWER 
CONFERENCE. Volume XVII, 1955. Illinois In- 
stitute of Technology, Technology Center, Chicago 16, 
Ill., 1955. 722 pages, 9!/4 by 6 inches, bound. $6. 
As in previous years the papers in these proceedings em- 
phasize the practical rather than the theoretical view 
and range from the technical to the economic and social 
aspects of power generation, transmission, and distribu- 
tions. Grouped by sessions—general interest, nuclear 
energy, mechanical, water technology, and electrical 
the individual papers deal with such subjects as scientific 
manpower, sodium graphite reactor power plants, 
power plant stacks under wind loading, small gas tur- 
bines, the St. Lawrence Seaway, computing devices, 
and many others, 


PROFESSIONAL ENGINEERS’ INCOME AND 
SALARY SURVEY 1954-1955. National Society of 
Professional Engineers, 1121 Fifteenth Street, N. W., 
Washington 5, D. C. 43 pages, 9 by 6 inches, paper 
$1. (N.S.P.E. members $0.50.) The information in this 
second biennial survey is based upon over 14,000 
questionnaires returned by members of the Society 
Data is given on the geographic distribution, type of 
employment, branch of engineering, and kind of work 
done by this group of engineers, and on the salaries they 
earned. The 1954 statistics are compared with the 
findings of 2 years previous. 


QUANTUM THEORY OF SOLIDS. By R. E 
Peierls. Oxford University Press, 114 Fifth Avenue, 
New York 11, N. Y., 1955. 229 pages, 9!/2 by 61/s 
inches, bound. $4.80. An exposition of fundamental 
problems, addressed to theoretical physicists and to 
experimentalists with a working knowledge of quantum 
mechanics. The topics discussed include crystal lattices, 
cohesive forces in metals, ferromagnetism, semicon- 
ductors and luminescence, and superconductivity. A 
list of references is appended. 


RADIO-TUBE VADE-MECUM, 1955. P. H. Brans, 
Ltd., Antwerp, Belgium, twelfth edition, 1955. 381 
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pages, 11 by 8 inches, paper $5 Current normal op- 
erating data on tubes produced by the major manufac- 
turers of the world are supplied in tabular form, with 
functions of the listed tubes indicated and base con- 
nections shown. A number of obsolete types have been 
omitted from this edition. 


RESEARCH REACTORS. United 
Energy Commission. McGraw-Hill Book Company, 
Inc., 330 West 42nd Street, New York 36, N. Y., 1955. 
442 pages, 10!/2 by 8 inches, bound. $6.50. This book 
gives descriptions of three types of light-water-moderated 
reactors (pool, solution, and materials-testing), and of 
three other types: hydro-carbon-moderated, heavy- 
water-moderated, and graphite-moderated. Informa- 
tion given for each type includes general design features, 
core design and fuel handling, cooling system (where 
applicable), control and instrumentation, shielding, 
experimental facilities, and operating characteristics. 
The book was prepared originally for the International 
Conference on Peaceful Uses of Atomic Energy 


States Atomic 


SELEKTIVSCHUTZ. By H. Neugebauer. Springer- 
Verlag, Berlin, 1955. 261 pages, 9'/« by 6!/¢ inches, 
bound. DM 28.50. Intended for the power systems 
engineer and student, this book deals with the engineer- 
ing fundamentals of electric system protection and their 
application. The latter half of the book on special 
protective relay systems describes the protection of the 
important components of a network: generators, trans- 
formers, line conductors. There is a bibliography. 


POWDER METALLURGY. (Technical Assistance 
Mission No. 141.) Organization for European Eco- 
nomic Co-operation, Paris (U.S. agent-O.E.E.C. Mission, 
Suite 61, 2002 P Street, Washington 6, D.C.), 1955 
309 pages, 98/s by 6 inches, paper. $3. A reportofa 
survey of the industry in the United States, made by 
representatives of seven European countries. The main 
body of the report deals with electrical and magnetic 
applications, hard metals, tungsten wire, cermets, en- 
gineering powders, the manufacture of structural parts, 
pressing processes, furnaces, standards, and quality 
control. Several pertinent specifications and a four- 
page bibliography are included. 


ORIENTATION IN ENGINEERING. By Murray 
I. Mantell, Milton E. Reeder, and John A. Stevens 
Prentice-Hall, Inc Englewood Cliffs, N. J., 1955 
85 pages, 108/4 by sinches, paper. $1.75. With the 
aim of helping students to adjust to college life, to clarify 
their ideas of the engineering college and profession, and 
to learn fundamental skills, this book considers such 
topics as classroom honesty, extra-curricular activities, 
studying, examinations, the use of libraries, the slide rule, 
and dimensional analysis. It also discusses the develop- 
ment of the engineering profession, engineering spe- 
cialization, and the function of engineering education 
Written assignments at the end of each section provide a 
basis for class discussion 


MOLECULAR BEAMS. By K. F. Smith John 
Wiley and Sons, Inc., 440 Fourth Avenue, New York 16, 
N. Y., 1955 133 pages, 68/4 by 4!/¢ inches, bound 
$2. This small book is a study of the molecular beam 
technique used to make accurate measurements of the 
electrical and magnetic properties of atoms, molecules, 
and nuclei. It deals with methods of producing beams, 
their wave nature, magnetic and electric deflection of 
beams, and atomic and molecular beam radio-frequency 
spec trosc opy 


MICROSCOPY OF CERAMICS AND CEMENTS 
By Herbert Insley and Van Derck Fréchette. Academic 
Press, Inc., 125 East 23rd Street, New York 10, N. Y., 
1955 286 pages, 9!/4 by 6 inches, bound. $7.50. The 
principal aim of this book is to review methods of 
microscopical examination and the interpretation of 
microscopical observations of whitewares, refractories, 
glass, cements, porcelain enamels, structural clay prod- 
ucts, abrasives, foundry slags, and metallurgical slags. 
Features and techniques of use of the polarizing and 
other types of microscopes, fundamentals of optical 
mineralogy, and microscopic characteristics of the raw 
materials of ceramics are discussed as background mate- 
rial for the treatment of specific problems in the various 
fields 


METALS HANDBOOK. 1955 Supplement. Edited 
by Taylor Lyman. American Society for Metals, 7301 
Euclid Avenue, Cleveland 3, Ohio, 1955. 208 pages, 
11 by 84/g inches, bound. $6. The second in a series of 
supplements issued in order to make important material 
available sooner than would be the case if it were held 
until the revision of the 1948 Metals Handbook is com- 
pleted. Various aspects of materials and applications, 
design, processing, fabricating, testing, and inspection 
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les which are either entire 


its of subjects previously 


LINEAR FEEDBACK ANALYSIS. By J. G. Thomt- 
ason McGraw-Hill Book Company, Inc., 330 Wes- 
42nd Street, New York 36, N. Y., 1955. 355 pages, 
83/4 by 51/2 inches, bound. $8.50. Intended to provide 
the analytical background for work in electronics 
servomechanism research, this book covers modern net- 
work analysis methods, feedback concepts, tube am- 
plifying characteristics and, in considerable detail, 
stability in negative feedback systems. Three chapters 
are devoted to illustrative descriptions of amplifier, 
integrator, differentiator, and stabilized power unit cir- 
cuits 


LEGAL CASES FOR CONTRACTORS, ARCHI- 
TECTS, AND ENGINEERS. By I. Vernon Werbin. 
McGraw-Hill Book Company, Inc., 330 West 42nd 
Street, New York 36, N. Y., 1955. 487 pages, 8!/« by 
5!/: inches, bound. $6. The author, a licensed profes- 
sional engineer as well as a practicing attorney, discusses 
52 situations which have actually arisen out of construc- 
Among the problems covered are con- 
tracts required to be in writing; liability for defective 
work; damages resulting from erroneous location of 
work by an engineer; damages recoverable by owner 
for defective construction, etc Each discussion is ac 

companied by citations of appropriate cases 


tion contracts. 


INTRODUCTION TO ELECTRONIC ANALOGUE 
COMPUTERS. By C. A. A. Wass. McGraw-Hill 
Book Company, Inc., 330 West 42nd Street, New York 
36, N. Y., 1955. 237 pages, 88/4 by 5*/« inches, bound 
$6.50. This is a discussion of recent developments in 
machines and techniques, with emphasis on principles 
rather than on detailed designs and design methods 
Principles of differential analyzers and simulators are 
demonstrated by the solution of typical linear and non- 
linear problems, and extended treatment is given 
One chapter is devoted tc 

scriptions of some existing computers, suc h as the 


computer components. le 


**Gepus” and “*Tridac 


FUNDAMENTALS OF TELEVISION ENGINEER- 
ING. By Glenn M. Glasford. McGraw-Hil! Book 
Company, Inc., 330 West 42nd Street, New York 3 
N. Y., 1955. 642 pages, 91/4 by 6'/« inches, bound 
$9.50 
cepts, their implementation in circuits and their analysis 
Low-level circuits and random noise problems are 
treated in detail, and considerable space is devoted t 
equivalent circuits, the functions of vacuum tubes, syn 
chronizing, and the Laplace transform method of tran- 
I'he treatment of color television is 

appropriately related material 


The emphasis in this book is on systems con- 


sient analysis 
tegrated 


FUNDAMENTAL FORMULAS OIF PHYSICS 
Edited by Donald H. Manzel. Prentice-Hall, Inc 

Fifth Avenue, New York 11, N. Y 5 
$13.50 


sometimes merely listed, sometimes accompanied by ex- 


1955 765 pages, 
85/3 by 57/s inches, bound These formulas, 
planatory material, are grouped in 31 chapters dev »ted 
to basic mathematics, statistics, nomograms, physical 
constants, and to various special fields such as } 
dynamics, 
theory, sound, nuclear theory, and the solid-state 
Certain related fields in chemistry, astronomy, meteorol 
Many of 


vdro 


kinetic theory of gases, electr« agneti 


ogy, biology, and electronics are also covered 
the chapters; for example, the one on e¢ 
theory, have been designed to meet 
gineers as well as physicists. 


ELECTRONIC TRANSFORMERS AND CIR 
CUITS. By Reuben Lee. John Wiley and Sons, 
Inc., 440 Fourth Avenue, New York 1 N. Y., second 
edition, 1955. 360 pages, 9!/«4 by 6 inches, bound 
$7.50 The design of transformers and the effect o 
their characteristics on circuits are dealt with us 
minimum of mathematics and stressing physical « 
cepts. As in the previous edition, the arrangement of 
material is, for the most part, by general types of appara 
tus with design data for a particular transformer pre- 
sented in connection with the purpose for which it is 
intended. Some sections have been deleted from this 
edition, some sections have been expanded, and new 
chapters on magnetic amplifiers and pulse circuit 


been added. 


ELECTRONIC AND RADIO ENGINEERING. By 
Frederick Emmons Terman. McGraw-Hill Book 
Company, Inc., 330 West 42nd Street, New York 

N. Y., fourth edition, 1955. 1,078 pages, 9'/« by 6 inches 
bound. $12.50. The change of title in this edition 
from the title, “Radio Engineering,” of the previous edi- 
tions reflects the greater emphasis on general techniques 
of electronics without regard to their use in radio sys- 





tems. In manner of presentation and coverage, the 
a summary in readily under- 
standable terms of basic principles and techniques 
treated in three parts devoted to circuit elements and 
theory, radio engineering and radio systems, and 
electronic fundamentals. Some material has been added 
to most of the chapters, and the chapters on microwave 


book remains the same 
circuit 


tubes and transistors are new 


PAMPHLETS 


The following recently issued pamphlets may be of 
interest to readers of ‘Electrical Engineering.”’ AD 
inquiries should be addressed to the issuers. 


Preferred Standards for the Presentation 
of Frequency Response Data. (ASME 
Standard 107.) The method of presenting 
frequency given in 
these standards applies not only to the entire 


response information 
field of automatic control but to all physical 
interest is in the relation 
between the outputs and 


systems when 
inputs of these 
pages. $1 per copy. Order 
from the American Society of Mechanical 
Engineers, 29 West 39th Street, New York 
18, N. Y. 


systems. 8 


American Standard Small Solid Rivets, 
ASA _ B18.1-1955. ASA _ Sectional Com- 
mittee B-18 was organized under the pro- 
American Standards Associa- 
tion, with the American Society of Mechani- 
cal Engineers and the Society of Automotive 


cedure of the 


Engineers as joint sponsors. Subcommittee 
No. 1 was appointed to standardize rivets 
[he proposals of this Subcommittee were 
approved and designated as American 
Standard on October 5, 
$1 each. Send American 
Society of Mechanical Engineers, 29 West 


th Street, New York 18, N. ¥ 


1955. 15 pages. 
order to the 


Automation and Job Trends. ‘This pam- 
Tec h- 


Advancement and states that dy- 


phlet is a study by the Council for 
n logic al 
labor 


namic flow of from one industry to 


another is essential if the full benefits of 
1utomation are to be realized It is not 
desirable to seek to maintain a status quo 
in employment in any particular industry 
or segment of the economy as flexibility is 
essential The progress of the past could 
never have been achieved if millions of 
Americans had not shifted from farming and 
mining to manufacturing, trade, and service 
Those 


occupations remaining in an oc- 


cupation have larger incomes because each 
now produces more, thanks to technology 
he advance of automation technology will 
depend on the availability of risk capital 
and special technical skills needed to design, 
build, maintain and operate new types of 
equipment. 24 pages. Single copies, free. 
Additional copies 25¢ each 
Available 

Technological Advancement, 120 S. La 


Salle Street, Chicago 3, Il 


Quantity prices 


on request from Council for 


Farmstead Wiring Handbook. 
graded wiring standards for 


New, up- 
America’s farms 
are set forth in the revised edition of this 
Published by the Industry Com- 
mittee on Interior Wiring Design, the new 
manual supersedes an original edition issued 
in 1946. 


guide. 


Made necessary by the farmer’s 
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rapidly expanding use of electrical farm 
production equipment, the new edition is a 
sequel to the committee’s ‘Residential 
Wiring Handbook” published last year. 
The handbook is divided into three sections: 
Interior wiring design, outdoor electrical 
distribution, and a series of tables which show 
wire sizes needed to carry various electric 
loads. All are explained in easily under- 
stood text and diagrams. The manual 
is designed for use by agricultural colleges, 
electric power suppliers, architects, engineers, 
builders, electrical contractors, and lending 
institutions, as well as the farmer. 48 pages. 
50¢. Quantity prices on request. From 
Industry Committee on Interior Wiring 
Design, Room 2650, 420 Lexington Avenue, 
New York 17, N. Y. 


Architectural Engineering. Today there 
seems to be no limit to the engineering pos- 
sibilities in buildings, whether of height and 
span of structure, indoor climate, or any of 
the other aspects of building technology. 
rhis book is a source of information on new 
concepts, materials, and applications for 
everyone concerned with building design 
and construction. There are 98 profusely 
illustrated articles, all written by technical 
experts, covering a variety of building types. 
Each study is graphically complete with 
plans, diagrams, structural details, and 
photographs—over 1,400 in all. There are 
six sections on the Building Shell, Environ- 
mental Control, Utilities, Site Planning, 
Materials, and Special Problems. Of spe- 
cial interest are explorations into new areas 
such as heat pumps, solar heating, thin-shell 
structures, lightweight aggregates, structural 
plywood, and atomic blast-resistant build- 
ings. 494 pages. $11.50. Send order to: 
F. W. Dodge Corporation, 119 West 40th 
Street, New York 18, N. Y. 


American Standard Safety Code for Eleva- 
tors. This revised code of safety standards 
installation, 
inspection, testing, maintenance, alteration 


and repair of elevators, dumbwaiters, escala- 


covers the design, construction 


tors, private residence elevators, and inclined 
lifts and their 
tended to serve as a guide for state and mu- 
nicipal authorities in drafting regulations 
governing the installation and maintenance 
of elevators, dumbwaiters, and escalators. 


hoistways. The code is in- 


It is also intended as a standard reference of 
requirements for the guidance of 
architects, casualty insurance 
companies, manufacturers, and for owners 


safety 


engineers, 


and managers of structures where equip- 
ment under the scope of this code is used. 
290 pages. $3.50 for paper-bound edition 
and $4 for cloth-bound edition. Copies may 
be obtained from The American Society of 
Mechanical Engineers, 29 West 39th Street, 
New York 18, N. Y. 


Catalogues of Government Technical Re- 
ports. Iwo catalogues of technical reports 
available from the Government, one on 
electroplating and polishing and the other 
on photochemistry and _photoelectricity, 
have been compiled, by the Office of Tech- 
nical Services (OTS), U. S. Department of 
Commerce. These documents are primarily 
reports of research done under Government 
sponsorship by either Government or private 
laboratories, but some of the documents are 
technical papers captured by the Allies in 
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Germany in World War II. 10¢ each. 
Send order for CTR-159 Electroplating and 
Polishing and CTR-311 Photochemistry 
and Photoelectricity (Excluding Photog- 
raphy), to the U. S. Department of Com- 
merce, OTS or the Library of Congress, 
Washington 25, D. C. 


Effects of an Atomic Blast on Electric 
Power Facilities. A detailed report by the 
men who carried out last spring’s ““Opera- 
tion Cue” test has been published by the 
Edison Electric Institute (EEI). The test 
was made last May at the Atomic Energy 
Commission’s atomic test site in Nevada 
where the Edison Electric Institute, repre- 
senting the electric power industry, joined 
with other industries and the Federal Govern- 
ment to find out what would happen to a 
community under nuclear attack. Two 
identical electric transmission and distribu- 
tion systems were constructed. Both were 
placed in the so-called ‘Survival City” test 
area where houses, radio towers, industrial 
machinery, gas utility equipment, and other 
test items were located. To determine their 
approximate survival range, one system was 
built 4,700 feet from “‘ground zero,” the 
point of explosion, while the other was at 
10,500 feet. Each system included a 69-kv 
line installed on one steel suspension tower 
and one steel dead-end tower; the substation 
equipment consisted of a 69-kv oil circuit 
breaker, and step-down transformers and as- 
sociated structures. The distribution sub- 
station equipment consisting of two 4-kv oil 
circuit breakers and voltage regulators and 
about a half-mile of 11-kv and 4-kv distribu- 
tion lines construction on wood poles, with 
distribution transformers and secondaries. 
Less than 3 hours after the blast (equivalent 
to 30 to 35 kilotons of dynamite) EEI project 
members moved into the stricken area to 
make a detailed report of their observations. 
75¢each. Copies of the report are available 
from Edison Electric Institute, 420 Lexington 
Avenue, New York 17, N. Y. 


So You Want To Be a Ham. In 12 well- 
defined, illustrated chapters the prospective 
‘*ham’”’ will find what he needs to know about 
getting his license and his equipment. 196 
pp. $2.50. This catalogue, HAM-7 may 
be obtained by writing Howard W. Sams and 
Company, 2201 East 46th Street, Indian- 
apolis 5, Ind. 


American Society for Testing Materials 
Reference Radiographs. Work of the 
American Society for Testing Materials 
(ASTM) Committee E-7 on Non-Destruc- 
tive Testing has resulted in the preparation 
of reference radiographs covering types and 
degrees of discontinuities in steel welds. 
The reference radiographs are reproduced 
from master radiographs taken of official 
sample weld plates which are the property 
of ASTM. The radiographs, in the form 
of transparencies, are mounted in standard 
5- by 8-inch Keysort cards. Details of plate 
thickness, radiographic method, and welding 
procedures are given on each card. The 
transparencies, although reproduced to a 
density level of approximately 1.0, retain the 
original radiographic contrast. The com- 
plete file of 35 radiographic transparencies 
can be purchased from the American Society 
for Testing Materials Headquarters, 1916 
Race Street, Philadelphia 3, Pa. 
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4 
Bond 
Trade-Mark 


PRE-INSULATED 
TERMINALS 


for heavy-duty wires! 


Ay - Bond is the 


first and only terminal with 
bonded insulation and 
insulation support for copper 


wire sizes 8 through 4/0. 


ASK ABOUT 


dps CS ivatve Me optonch 


TO BETTER WIRING 


Bonded insulation, withstanding a minimum of 6000 volts, insures dielectric 
value....An insulated metal reinforcing ring grips the insulation and pro- 
tects the wire from the weakening effects of vibration and bending.... The 
terminal body is electro-tinned for high conductivity, and the dimpled inner 
barrel increases the contact surface and tensile strength. . . . Assures low 


millivolt drop. 


The A-MP Dyna-Crimp Tool, with interchangeable heads and dies, 


crimps Ampli-Bond terminals rapidly, easily and uniformly. 


Consult your local A-MP Sales Engineer or 


write to Harrisburg for further information. 


Aircraft-Marine Products, Inc. 


General Office: Harrisburg, Pa. 
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Power company saws t rough 
Submarine 


In she goes. Cable was orginally 
pulled across the lake with a jeep. 
The steel armor on cable took up 
the pulling strain. 


Crew of men jockey the cable into 
position before cutting trench. 
Mr. Finch says, ‘‘We were amazed 
at the flexibility of the cable.” 


This is one of the two ice saws used for cutting the trench. It is gasoline 
powered, mounted on skids. 
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IL inehes of hard ice... 
Cable without boats or barges 


e@ The scene is Upper Saranac Lake, N. Y. Paul 
Smith’s Electric Light & Power and Railroad Com- 
pany wanted to lay a 2000-foot continuous length of 
Tiger Brand Submarine Cable under water. Ordinarily 
this would require expensive boats, barges and crews. 

But Raleigh Finch, General Superintendent, de- 
cided to wait for a big freeze, saw a slot in the ice, then 
drop the cable to the bottom. The cable was so flexible, 
that it only took 15 minutes to unroll the entire 2000 
feet onto the ice. The picture captions explain how the 
job was done. 


The cable involved is 2-conductor, 5000V, *4 AWG, 
steel armored, rubber insulated, non-leaded. It was se- 
lected because of its flexibility, light weight and low 
cost. The cable joins a previous Tiger Brand Sub- 
marine Cable that was laid in 1932. According to Mr. 
Finch, “We haven’t had a service failure in that cable 
since it was laid 24 years ago. In fact, we’ve never had 
a piece of Tiger Brand fail, in the 30 years that we’ve 
been using it.” 

Any user of electrical cable can have this same kind 
of reliable performance. Just switch to Tiger Brand. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 


* TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


A STANDARD TIGER BRAND CABLE 


SS Tiger Brand 


FOR EVERY SPECIAL JOB! 


asbestos wire and cable 
mold cured portable cord 


aerial, underground and 
submarine cable 


shovel & dredge cable 
paper & varnished cambric cable 
machine tool & building wire 


special purpose wire & cable 


ELECTRICAL 
WIRE & CABLE 
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DC RUGGEDIZED INSTRU- 
MENTS — Vibration - proof, 
shock-proof, moisture-proof 
instruments that provide easy 
readability, extreme accuracy 


lied i 
P 


and si 





e 
in all sizes from 112 to 
42 inches. Available in all 
practical D.C. ranges, gasket 
sealed, with zero adjusters. 
Comparable sizes and ranges 
available in bakelite cases 
conforming to MIL-M-6A. 


PRECISION BALANCES — 
Here is speed, accuracy and 
simplicity of operation for 
all weight determinations 
from 3 milligrams to 150 
grams .. . sensitivities from 
2 micrograms to 20 milli- 
grams. Available in single 
hook and double hook 
models with a wide selec- 
tion of pans, accessories 
and special dials. 


INDICATING RELAYS — 
These relays, with the aid 
of auxiliary equipment, are 
being used in an ever in- 
creasing number of control 
and protective installations. 
Available in a wide selec- 
tion of current and voltage 
ranges for many applica- 
tions. 


DME INDICATORS — We 
are proud to have been se- 
lected to produce the panel 


RANGE indicator for the Distance 


Measuring Equipment de- 
veloped by National Aero- 
nautical Corporation and 
Hazeltine Electronics Corpo- 
ration. Nearly half a cen- 
tury of experience in engi- 
neering, designing and 
manufacturing precision in- 
struments enabled us to 
produce this complex mech- 
anism dependably and in 
quantity. 


ROTARY SWITCHES — Types 
R-2 (standard) and R-4 (mini- 
ature) feature unit construc- 
tion, silver contacts, 600 volt 
insulation, enclosed mechanism 
and choice of handles. Where 
panel space is at a premium, 
specify R-4. Both types avail- 
able in a wide combination of 
contact arrangements for stand- 
ard and special applications. 


ELAPSED TIME METERS—These 
direct-reading meters are the 
positive way to know total op- 
erating time of equipment with 
critical maintenance or opera- 
tional characteristics. Com- 
pletely automatic and depend- 
able, they are available to 
meet MIL dimensions in 212” 
and 31,” flange diameters and 
in either hermetically sealed or 
bakelite cases. 








SEE THESE 

and other Top-Quality Instruments in the 
ROLLER-SMITH LINE 

At the I. R. E. Show 

702 Airborne Avenue 

















PORTABLE INSTRUMENTS—Roller- 
Smith builds a high degree of ac- 
curacy into a complete line of 
portable AC and DC Ammeters, 
Voltmeters, Ohmmeters, etc., in 8”, 
6” and 5” sizes. Ideal for on-the- 
job testing, laboratory use and 
secondary calibration. 


AIRCRAFT DUAL VOLT-AMMETER 
—One of several aircraft instru- 
ments produced by Roller-Smith to 
meet special needs. The dual meter 
illustrated features suppressed 
range of 15-33 volts and is avail- 
able in 3 ranges of current; 150, 
300 and 450 amperes. Aircraft 
meters comply fully with applica- 
ble Air Force and Navy specifica- 
tions. 


Write for complete catalog of instruments. If you have a spe- 

cific problem in instrument research or development, take ad- 

vantage of Roller-Smith's years of experience and know-how 
. consult our engineering staff for the answer. 
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temperature 
strength 
quality 


production 


Greatly enlarged facilities now produce 
high quality, pace-setting AlSiMag = ‘al y 8 
Alumina ceramics in quantity lots. Com- a 
plete range of up-to-the-minute Alumina ty ; 
compositions now permit you to design 

to higher temperatures and higher 

strengths. Advantages include improved 

electrical characteristics at elevated tem- 

peratures—beyond the melting point of 

most metals. Higher tensile and impact 

strengths. Greater resistance to corrosion 

and abrasion. Smoothness of texture. 

Close dimensional tolerances. Custom 

formulations for special needs. 


Volume production 

in a complete range of 
precision parts, 
including electron tube 
shapes processed to be 
highly porous, 

readily degassed, 
thicknesses 


as low as .009”. 


e An outline of your requirements, en- 
closing a blueprint or sketch, will bring 
you full details. 


Visit Booth 124 at I. R. E. Show, Military Avenue 


54TH YEAR : ad CHATTANOOGA 5, TENNESSEE 
OF CERAMIC ae : i 2 eS ; A Subsidiary of 
LEADERSHIP ae 2 oot: oe : Minnesota Mining and Manufacturing Company 


offices, 
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Gives You Extended 


Coverage from 
100 Ke to 940,000 Kc 


PRECISION GRID-DIP METERS 


1 


59 
Power Supply 
$75.00 


MODEL 59-LF OSCILLATOR UNIT 


Frequency Range: 1-1 
100 Ke to 4.5 Mc. im 
Price - Oscillator Unit vs 
(Head) only $98.50 
with Power Supply 

$168.00 


MODEL 59 OSCILLATOR UNIT 


Frequency Range: \ 3 

2.2 Mc to 420 Mc. ” 

Price - Oscillator Unit 

(Head) only $98.50 

with Power Supply 
$168.00 


MODEL 59-UHF OSCILLATOR UNIT - 


Frequency Range: 
420 Mc to 940 Mc. 
Price - Oscillator Unit 
(Head) only $123.00 


with Power Supply 
$198.00 


Measurements’ Megacycle Meter is now avail- 
able in a choice of three oscillator. heads 
providing frequency range coverage from 
100 Ke to 940,000 Ke. Thus, the utility of 
this versatile instrument has been extended, 
making it, more than ever, indispensable to 
anyone engaged in electronic work; engineer, 
serviceman, amateur or experimenter. 





MEASUREMENTS CORPORATION 


BOONTON @ NEW JERSEY 
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Electron Tube Information Service. The 
National Bureau of Standards (NBS) has 
established a tube information service for 
accumulating and disseminating technical 
data on both domestic and foreign manu- 
factured radio tubes. At the present 
time, nearly 10,000 cards, filed by tube 
type number, are appropriately referenced 
to manufacturers’ source material. In 
addition, about 10 per cent of these cards, 
selected mainly from the high-use minia- 
ture and subminiature types, have been 
coded on punched cards for mechanical 
sorting. With this service, it is possible 
to find: information about any particular 
tube; all tube types whose electrical char- 
acteristics, bulb sizes, or base configura- 
tions fall within particular ranges; and 
domestic tubes that can be substituted for 
unavailable foreign-make tubes. Recently, 
junction diodes and transistors have been 
added to the Bureau’s program, which 
began about seven years ago as a service 
to NBS personnel. It has since been 
extended to all scientists and engineers 
in Government and industry who have 
legitimate requests. This continuing serv- 
ice is being carried out by C. P. Marsden, 
and J. M. Moffitt of the Bureau’s electron 
tube laboratory. Inquiries should con- 
tain as much factual information as pos- 
sible to expedite the reference research, and 
should include background information 
appropriate. The service cannot 
undertake to answer queries on tube appli- 
circuits; complex or highly 
detailed questions that may require labora- 
tory research can be answered only on the 
basis of data available. Address inquiries 
to C. P. Marsden, Chief, Electron Tubes 
Section, National Bureau of Standards, 
Washington 25, D. C. Manufacturers 
are urged to supply the Bureau with 
technical information on new tube types 
as they are placed on the market, so that 
the service can include all the most recent 
data. 


where 


cations in 


New Bonding Process. An important 
advance in copper clad laminates for 
printed circuits is a bonding process 
developed by National Vulcanized Fibre 
Company, which results in faster produc- 
tion, and fewer rejects. The process is 
being adopted for various grades of the 
company’s phenolite laminated plastics 
to form a new line of copper clads desig- 
nated as the HP series. These copper 
clads possess double bond strength, 12 to 
15 pounds, and a much higher dip solder 
temperature resistance (30 seconds at 
500 F). Productionwise, the new HP 
series speeds operation, provides cleaner 
soldered joints, and minimizes bridging 
in the printed circuit. The process 
includes a new method for uniformly 
conditioning the bonding surface of either 
electrolytic or rolled copper foil. Com- 
bined with this is the use of a stronger 
adhesive for bonding the treated copper 
surface to the laminate. Both are the 
result of original research conducted by 


WOES .'.% 


Houghton Laboratories, Inc., for the Army 
Signal Corps at Forth Monmouth, N. J. 
Additional information is available from 
National Vulcanized Fibre Company, 
1055 Beech Street, Wilmington, Del., o: 
National Fibre Company of Canada, Ltd., 
107 Atlantic Avenue, Toronto, Ont., 
Canada. 


Proctor Elected Head of AICE. ‘The 
American Institute of Consulting Engi- 
neers (AICE) has announced the election 
of C. S. Proctor, New York, N. Y., as 
president, succeeding F. S. Friel, of Phil- 
adelphia, Pa. Col. Proctor, former presi- 
dent of the American Society of Civil 
Engineers and a trustee of Princeton 
University, is a partner in Moran, Proctor, 
Mueser and Rutledge. Others elected 
are Richard Hazen and Robert W. 
Abbett, both of New York, N. Y.—vice- 
president; Herschel H. Allen, Baltimore, 
Md.; Ellis E. Paul, New York, and Maurice 
R. Scharff, New York—members of the 
Governing Council. 


New Engineering and Sales Building. 
The Kearfott Company, Inc., has 
announced plans for a new engineering- 
sales building to be constructed opposite 
its present location in Little Falls, N. J 
The building will centralize offices, labora- 
tories, pilot plants, and other Kearfott 
engineering departments, providing the 
latest in laboratory facilities for the pre- 
cision development projects carried on by 
the firm. Newly leased space in Clifton, 
N. J., is being used as an interim facility to 
relieve crowded quarters in the company’s 
present engineering plants. 


Atomic Research Construction Project. 
The Power Reactor Development Com- 
pany, a nonprofit corporation, has been 
formed to design, construct, and operate a 
developmental fast-neutron breede1 
reactor. The new organization will carry 
out the atomic reactor power plant proj- 
ect initiated by The Detroit Edison Com- 
pany and a number of other electric 
power, manufacturing, and engineering 
concerns including the Babcock and Wil- 
cox Company. This project was pro- 
posed in March 1955 as part of the United 
States Atomic Energy Commission’s (AEC) 
Power Demonstration Reactor Program. 
The AEC announced on August 8, that 
the proposal provided an acceptable basis 
for negotiations under that program. The 
new company was organized to consoli- 
date the efforts of those having an interest 
in breeder reactor development. Most 
of the companies now involved in the 
proposed construction project have been 
engaged in atomic power plant research 
and development for five years or more. 
Babcock and Wilcox formed an Atomic 


(Continued on page 20A) 
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Original or ‘similar’ — 


Delta-Star MK-40 Switches feature 
maximum contact efficiency and 
safety, with minimum current 
interchange surfaces. 


Blade mechanism of MK-40 
Switches has only three moving 
parts, yet develops enormous 
rotating operating leverage. 





When you consider high voltage switches, one stands out because 
of its original performance-proved features that seem to be appear- 
ing in other switches. The standout is Delta-Star’s MK-40. 


Appearance to the contrary, Delta-Star MK-40 Switches alone 
offer a combination of unequalled advantages originated by 
Delta-Star. They feature sturdiest possible construction and large, 
rugged sealed-type ball bearing blade actuating mechanism for 
assured long service. They have a minimum number of moving 
parts and minimum current interchange surfaces—for efficiency 
and ease of operation. Contact pressure-applying springs carry 
no current, and offer large deflection to maintain uniform high 
pressure contact over extended periods of use.The fully controlled 
blade makes high pressure silver-to-copper contacts at both ends. 
Contacts are fully visible for inspection. 


Similarities help prove the exceptional value of the original. That 
certainly applies to Delta-Star MK-40 Switches—in all ratings— 
400 to 5000 amperes and 7.5 to 380 kv. Keep the MK-40 as your 
standard of comparison. 





HKP 


K. PORTER COMPANY, UNC 











H. K. PORTER COMPANY, INC. 
2437 Fulton Street * Chicago 12, Illinois 


District Offices in Principal Cities 
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To install HYLUG on 


rectangular wire 


Pre-round wire 
to circular section 


get 
around 
your 
magnet 
wire 


problems 


with 
the XS 


* 


Insert pre-rounded 
wire into HYLUG 


Compress HYLUG on wire 
with “quad” indent 


MAGNECRIMP METHOD 


for pre-rounding magnet wire 
to fit STANDARD lugs 


Until now, terminals have been 
trouble spots in magnet wire con- 
duction. Now, the new Burndy 
Magnecrimp method provides 
inexpensive compression termi- 
nations of maximum conductiv- 
ity and mechanical strength... 
and resistant to corrosion and 
vibration, too. 


**Magnecrimping” pre-rounds 
square or rectangular magnet 
wire to the proper size for stand- 
ard Burndy Hylugs. A com- 
pound die for sizes up to 1/0 


round re-shapes conductors sing- 
ly or in combinations. Wire and 
Hylug form a tight joint. No 
wasted metal from oversized lugs. 


The pre-formed wires in the 
Hylug are then compression- 
connected with a standard 
Burndy quadrangular crimp. 
Rounding and compression 
work-hardens the copper wire, 
strengthening the joint up to 
90% of rated breaking strength 
of conductor. 


For more detailed information, send for Burndy Bulletin MAG 55. 
For recommended die sets and terminals, write: 


Norwalk, Connect. ¢ Toronto, Canada « Other Factories: New York, Calif., Toronto © Export: Philips Export Corp. 
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Energy Division in April 1953 to consoli- 
date the firm’s activities in the field. 
Power Reactor Development Company 
will represent the interests of 26 companies 
involved. 


Packard-Bell Buys Printed Circuit Firm. 
The assets of Technical Reproductions, 
Inc., a California firm in the printed cir- 
cuit field, have been purchased by the 
Packard-Bell Company. The company 
will be operated as a department of 
Packard-Bell’s Technical Products Divi- 
sion, under the direction of Richard B. 
Leng, vice-president in charge of the 
division. The employment of printed 
circuits, an electrical etching process of 
wiring whereby circuit conductors are 
formed upon an insulated baseplate, is 
an advanced development involving the 
use of plastic materials in electronic equip- 
ment. 


Olin Mathieson To Enter Aluminum 
Industry. Plans to enter the aluminum 
industry with an initial investment of $120 
million and a fully integrated aluminum 
plant have been announced by Olin 
Mathieson Chemical Corporation. The 
new operation will be the first time that 
coal is to be mined directly on the site to 
provide the large power requirements for 
the reduction of alumina to pig aluminum. 
Investment in the new operation includes 
approximately $90 million for the alumi- 
num plant and $30 million for the power 
facilities needed for the aluminum plant. 
The new facilities will be located in the 
Ohio River Valley. The alumina plant, 
the reduction plant, and the rolling mill 
will be on the Ohio River near Clarington, 
Ohio. The power plant to be engineered 
and built by American Gas and Electric 
Company will be slightly upstream on the 
West Virginia side at Cresap Bottom and 
will be connected to the aluminum facilities 
by a high-tension transmission line. The 
power plant will be built on a new major 
coal mine which will be constructed, owned, 
and operated by the Pittsburgh Consolida- 
tion Coal Company. The power plant, 
known as the Kammer Plant, will consist 
of two units of 225,000 kw each. One unit 
will be owned by the Ohio Power Com- 
pany, a subsidiary of the American Gas and 
Electric Company; the other by a joint 
subsidiary of Olin Mathieson Chemical 
Corporation and Pittsburgh Consolidation 
Coal Company. Both power units will be 
operated by the Ohio Power Company and 
integrated into the American Gas and 
Electric Company System. The plant 
will be designed for development up to 
1.35 million kw capacity. 


Selenium Wanted. High-purity selenium 
is now so scarce that the Federal Telephone 
and Radio Company, division of the Inter- 
national Telephone and Telegraph Cor- 
poration, is conducting a campaign to re- 
claim this scarce material needed for radio, 
television, and power rectifiers. Selenium 


(Continued on page 26A) 
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Series 800-834 


MMe SWITCHES 





ROWAN 


A 


Rowan Series 800 — 834 Lighting Switches are 
available in 6- and 12-gang units designed to meet the 
requirements of NEMA Type XI Enclosures. Internal 
mechanism is readily accessible for inspection and 
maintenance. Solderless type, adjustable connectors 
are provided for line and load connections. Units are 
equipped with extra heavy, self-aligning, quick make 


and quick break, renewable contacts. Rowan AIR- 


MARCH 1956 


CONTROL 








SEAL fuses provide time-tested and thoroughly 
proven short circuit protection. 

Complete information is available from Rowan Repre- 
sentatives located in principal cities of the United 


States. 
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With New Small-Diameter 
O-B Bushings 


O-B has now completed its range of small-diameter, light- 
weight apparatus bushings to include 230-kv operating 
voltage. A few quick facts about these new bushings are -- 


1, In this higher range (69 to 230 kv), the insulating core 
is surrounded with oil from end to end. 


. This core utilizes full condenser construction, com- 
prised of multiple layers of foil and paper. 


. O-B’s long-established principle of spring compression 
assembly, combined with improved gasketing practices, 
assures the vital function of permanently tight sealing. 


. In the 115 to 230-kv range, all bushings are equipped 
with oil level gauges and capacitance taps. 


. National Standards for these voltages have not yet 
been formulated, but the present O-B design is fully 
in line with up-to-date trends. 


. These new models extend upward in rating from the 
present ASA Standard series covering 23 to 69 kv. 
There is now an O-B bushing available for all popular 
operating voltages, embodying modern dimensional re- 
quirements. 


One more fact--of prime importance. For nearly 50 
years, O-B has manufactured bushings that have earned 
the reputation for being the best of their times. This has 
provided priceless experience and background when em- 
barking on the design of the new O-B bushing -- a worthy 
member of an illustrious family. 
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@ A new dual-beam cathode-ray oscillograph 
with facilities for precise observation, comparison 


and measurement of two relateda-c or d-c signals. 


Has two complete vertical amplifiers with response 
flat to d-c and uniform within 30% to 300 ke. 
Amplitude measuring on both channels includes 
16 ranges from 400 volts full scale to only 4 milli- 
volts for full deflection to scale limits. The most 
sensitive range permits a-c or d-c measurements in 
the microvolt region. Balanced input is available 


on the seven most sensitive ranges. 


High-level, accurate, calibrated, linear sweeps; 
automatic beam gate; sweeps range from | sec./ 
inch to 2 usec./inch in 19 steps common to both 
channels. 


X-amplifier provides up to 20 inches of undistorted 
sweep expansion; external horizontal input to 
either or both channels. 


~ 


TYPE 296 


Versatile, economical 35 mm 
general-purpose oscillograph 
record camera with f/2.8 
lens Price $149.50 
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TYPE 299 / 


General-purpose recording 
camera accepts variety of 
backs for 120 size roll film, 
cut film or film pack; inexpen- 
sively converted into print-a- 
minute Polaroid Land camera. 

Price $265.00 


CRANHEL A. 
+ reepes 


& 


O50 Fees cass 


TYPE 302 


For permanent records in just 
a minute with Polaroid-Land 
back; by simple, inexpensive 
change of backs can be adapt- 
ed for general-purpose record- 
ing with other than Polaroid 
films. Price $285.00 


CHanmay 
ld 


+ 
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TYPE 321-A 


Continuous motion or single- 
frame recording on 35 mm 
perforated or unperforated 
film or recording paper; film 
speeds variable in steps from 
0.8 to 3600 inches/minute. 
Price $1050.00 
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what you should know 


about HAZARD 
SELF-SUPPORTING CABLE 


= uses existing 
construction 





Br Ne es ee When you need power in a hurry 

installation wae “5 a= OF % —can’t spare the time or ex- 
a ern 7 | ig pense to buy conduit or erect 

costs are low : a = Ff -_  \% ; Ik : special poles and towers—your 
a al 2 a Wet wisest choice would be Hazard 

iv} | bf Self-Supporting Aerial Cable. It 

Ri eh Bh i i Se can be strung along the sides of 
; buildings, under bridges or via- 

ducts, on existing poles and towers 

or on almost any structure be- 


... surprisingly low. In many cases, far less 
than for open wire construction. Installation 
costs are low because the cable is easy to 
work, splice and terminate. Maintenance and 


tree trimming costs are greatly reduced. : 
tween power source and point 


x, safe against 
»— the elements 


Hazard Self-Supporting Aerial 

Cable is widely used for its ability 

to resist the effects of moisture, 

| i : Ng re, * : heat, abrasion, cold and corrosive 
NAS a ll NY He tal Us. bsthigiaa industrial atmosphere. Add to 
= 4 a: \ this its installation versatility, and 

afe in congest d areas “ oi , i | you will quickly see why it is be- 

yA A coming an increasingly popular 


As in this modern textile plant where 12 r circuits are ee 
sapbinp: ee te aes re eR vaane system of power distribution. 


included in one compact installation, Hazard Self-Supporting 
Aerial Cable can be run easily and safely in ‘congested 
areas” like narrow passageways between buildings, where 
trees are a problem, where the aerial approach is already 
crowded or on poles and towers too full for another bare Complete information on Hazard Self-Supporting Aerial 
circuit. With its superior insulation, flashovers and danger to Cable is available in the free Bulletin H-464. Hazard 
personnel and property are effectively minimized. Division of The Okonite Company, Passaic, N. J. 


HAZARD \s) INSULATED CABLES 


RESEARCH 


3651 





Original 120 TRIMPOT 


BOURNS now offers an 
expanded line of 
IRIMPO 


...7 stock models of 
sub-miniature potentiometers 
to serve many special needs — 


A 


at no extra cost! 


First there’s the 120 Wirewound 7RIMPOT, with features common to all 
other BOURNS TRIMPOTS. It's a 25-turn potentiometer, easily adjusted, 
and weighing only 0.1 oz. Rectangular in shape, it fits readily into mini- 
ature electronic circuits. You can mount it individually, or stack it compactly 
with standard screws. Mountings are interchangeable with those on all 


other TRIMPOTS. 


The self-locking shaft holds stable settings under extreme environmental 
conditions. All parts are corrosion resistant. Every unit is inspected 100% 
for guaranteed specifications. Resistances: 10 to 20,000 ohms, with resolu- 


tions as low as 0.2%. 


Now, to give designers greater latitude, BOURNS has developed and is 
manufacturing the following standard models—variations of the Model 120. 


120 TRIMPOT 
— Carbon 


Infinite resoluti¢n is pro- 
vided by the carbon ele- 
ment. Resistances are 
higher, ranging from 
20,000 ohms to 1 megohm. 


209 TWINPOT 
— Dual Potentiometer 
Two outputs electrically 
independent, and con- 
trolled simultaneously by 
one adjustment. 





Pou 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 


130 7RIMPOT 
—Solder Lug 


For wiring direct to the 
instrument, using solder- 
ing iron or dip soldering 
techniques. Usable range 
of 98%. 


160 7RIMPOT 
— High Temperature 


Operates at 175°C. High 
pet’ rating: 0.6 watt at 





132 TRIMR 
— Variable Resistor 


High resistances—up to 
50,000 ohms in a wire- 
wound rheostat. 


230 TRIMPOT 

— Humidity-proof 
Completely sealed, unit 
meets MIL-E-5272A Speci- 
fications for humidity. 


Write for literature on the BOURNS TRIMPOT line. 
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is a by-product of copper-smelting proc- 
esses, and the rapidly expanding use of 
selenium in power rectifiers, plus copper- 
mining work-stoppages in the past year 
have placed a great strain on sources of 
supply. Acting on a recommendation 
made by the Business and Defense Services 
Administration of the United States Depart- 
ment of Commerce, Federal is taking steps 
to assure the continued availability of high- 
purity selenium by paying its customers for 
every used selenium rectifier which is re- 
turned for salvage, and is widely advertising 
to its customers the need for success in this 
effort. 


Pennsylvania Transformer Makes Gift 
to Wildlife Foundation. Pennsylvania 
Transformer Company, Canonsburg, Pa. 
made a gift of dam and water reservoir sites 
totaling nearly 125 acres to the North 
American Wildlife Foundation, which has 
stated that the property will be developed 
“in the public interest.” The property, 
which straddles Peters and North Strabane 
Townships a few miles northeast of Canons- 
burg, is valued at approximately three 
quarters of a million dollars. 


Building Program Announced. A $5 
million building program which will give 
Armour Research Foundation of Illinois 
Institute of Technology a complete indus- 
trial research center has been planned 
The expansion program calls for the con- 
struction of 3 buildings and substantial 
additions to 2 buildings over the next 
10 years. The building plans are based 
on the assumption that the Foundation 
will have a research volume of $16 million 
and a staff of 1,600 by 1961. 


New Company Organized. Claude L. 
Matthews has organized and assumed presi- 
dency of the Matthews Engineering Corp- 
oration. In the North Central States, 
this corporation will represent the Gates 
Engineering Company of Wilmington, 
Del., manufacturers of liquid neoprene 
and vinyl products. Offices of the newly 
formed company are located at 3545 
Lindell Boulevard, St. Louis 3, Mo. 


ALCO Facility To Be Built. Plans for 
construction of a reactor criticality facility 
at Schenectady, N. Y., has been announced 
by ALCO Products, Inc. To be built 
and equipped at a cost of about $230,000, 
the nuclear laboratory is expected to be 
completed in May 1956. It will be located 
on the Mohawk River, N. Y., in the com- 
pany’s main plant. The reactor facility 
will be used for nuclear experiments in 
connection with ALCO’s contract for 
design and construction of the Army 
Package Power Reactor. 


Sprague-Philco Agreement. The Sprague 
Electric Company, will start produc- 
tion this year of a type of transistor 


(Continued on page 30A) 
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DOW CORNING 
CORPORATION 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. 4 





Sensitive Amplifier Practical with 


RTV Silastic as Potting Compound | 


Adequate protection of delicate elec- 
tronic devices requires a potting com- 
pound that has a unique combination 


of properties. Doeleam Division of 


Minneapolis Honeywell, Boston, found | 


RTV Silastic* to be the only material 
with all of the essential properties for 
potting a very sensitive amplifier. 


This amplifier was so delicate that merely 
breathing on exposed vacuum tube termi- 
nals when the amplifier was cold caused 
intolerable outputs. It 
protect the circuitry 
avoid the development 
paths; provide a 


was necessary to 
against moisture; 


of new leakage 
eliminate 
drift errors in the amplifier output. Con- 
ventional potting compounds not 
practical because they enough 
pressure on curing to alter the relative 
positions of the components and change 
circuit valves. 


of the new unit, therefore, de- 
pended upon finding a potting compound 
which would flow gently into place; cure 
at room temperatures; exert negligible 


cushion to 


were 
exerted 


Success 


pressure and 


moisture. 


on components; 


Good dielectric properties, in- 


ertness, resistance to fungus growth and 


the ability to absorb shock and the ex- 


other requirements. 


After testing a wide variety of potting | 
| electrical leakage. 


Doelcam found that RTV 
Silastic in the fluid consistency was the 
only material with all of the properties 
required. Leakage current at 500 volts, 
for example, registered than 2x10° 
amps through a cubic centimeter of cured 
RTV Silastic. below the 


compounds, 


less 


noise 
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This was 


level of the measuring instrument. 


REG DOW CORNING CORPORATION 
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exclude | 


| Corning Silicone Products. 


DALLAS * 


SILICONE LAMINATED PANEL BOARD 
IMPROVES ELECTRONIC DEVICES 


Based on laboratory and field testing, 
Schlumberger Well Surveying Corpor- 


| ation now uses a silicone-glass laminate 
| instead of bonded mica sheeting and 


phenolic laminates as the panel board 
material in many of their electronic oil 
well surveying instruments. Here are 
some of the reasons for this selection. 


_SILASTIC IMPREGNATED SLEEVING 
PROTECTS WIRES AGAINST HEAT 


Wherever there is a chance that com- 

| plex chassis wiring may be exposed to 
abnormal heat, RCA has found the most 
| practical protection to be a sleeving 
| impregnated with Silastic*, the Dow 
| Corning silicone rubber that retains its 
protective properties at 500 F. 


Maneuvering a hot soldering iron through 
the network of wiring in a compact pro- 
duction chassis without touching a wrong 
wire is a neat trick that’s next to impossible. 
It was such accidental contacts, burning 
or melting vinyl-coated sleevings, that led 
RCA to protect the most susceptible wires 
with Turbo 117, a Silastic impregnated 
woven glass sleeving fabricated by William 


Brand & Co. 


Schlumberger found that the silicone lami- | 


nate has more uniform dielectric proper- 
ties than either mica bonded sheeting or 


phenolic laminates. Its stability at oil well | 


temperatures is comparable to that of the 
mica sheetings. Furthermore, the silicone 
laminate is not subject to cold flow around 


the high pressure split rivets used to fasten | 


panel board in instruments; it does not 
loosen in service as do phenolic or bonded 


mica panel boards. The silicone laminate | 
is also easier, faster and less expensive to 


install than the fragile mica sheet. 


Another important factor in the selec- 
tion of silicone laminates is their greater 
moisture resistance. Moisture absorption 
of silicone laminate is only 0.02% 


pared with 2% for the phenolic. 


com- 
To increase moisture resistance still 
ther, Schlumberger coats all joints and 
connections in their instruments with a 
waterproof Dow Corning silicone 
pound. Applied during both original 


com- 


| assembly and field maintenance, this heat- 
pansion and contraction of metals were | 


stable compound remains in place at tem- 


peratures from —70 to 400 F and protects | 


electronic equipment against moisture and 


Silicone dielectrics most widely used are de- 
scribed in the 1956 Reference Guide to Dow 
The brief but com- 
prehensive description of each material includes 
a review of properties and applications. With 
increasing demands for high temperature oper- 


ation, such a guide to these remarkably stable 


dielectrics should be immediately available to 
every electrical engineer. 


DETROIT * LOS ANGELES + 


| 


Canada: Dow Corning Silicones Ltd., Toronto; Great Britain: Midland Silicones 
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fur- | 


No. 17 | 


No. 18 | 


NEW YORK * 


In addition to preventing the costly damage 
of soldering iron encounters, the sleeving 
has short 
casionally occurred in 


eliminated circuits which oc- 
when the 
| vinyl-coated sleeving happened to be press- 
ing against a hot, sharp component such 
| as the edge of a miniature tube socket 


No. 19 


service 


| terminal. 


Send Coupon for More 
Information 


DOW CORNING CORPORATION - Dept. 4103 
Midland, Michigan 
16 17 18 19 


Please send me 
NAME 

TITLE 
COMPANY 
STREET 


CITY 


ZONE 


WASHINGTON, D.C. (Silver Spring, Md.) 


c 


Ltd., France: St. Goba 
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Two new tests prove G-E heavy duty HCI 
Safety switches give you 66% safety margin 


Normal U/L and NEMA tests call for a 
switch to operate at 6 times the motor full 
load current, the same current a locked 
rotor will create. G.E. tested its 30 amp 
heavy duty HCI switches and found that 
they would successfully operate at 10 times 


full load current—a safety margin of 66%! 


The same switches were then tested 
for 6,000 times at rated load and 44,000 
times at no load, five times the normal U/L 
requirement. These tests indicate that G-E’s 
heavy duty switches give you many “bonus 
years’ of reliable service because of sturdy 


mechanical and electrical construction. 





—— 


STATIONARY 
CONTACTS 








MOVABLE 
CONTACT 











5 aa STEEL REINFORCEMENT 














HCI arc interruption is used in standard duty 
and heavy duty switches. Exclusive pole units 
give double-break action, reduce arcing. Unique 
arc-quenching pins quickly snuff out arc. Quick- 
make, quick-break action helps prevent burn- 


ETE i $s ee 
For general circuit protection at lower cost, the standard duty 


switch retains many heavy duty features. Pole units can be indi- 


ing; operator can’t tease in or out. 


vidually replaced, reducing maintenance costs. Straight-in wiring, 
removable interior and plenty of working room make installation 
simple and quick. Front fusing makes fuse replacement easy. 
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HERE ARE EXTRA VALUES G-E HEAVY DUTY HCI SWITCHES GIvE YOU 


Successfully operates with 100,000- NemalAenclosurewith rubber gasket Door interlocked. When handle is pad- 
amp interrupting capacity fuses. Test is standard. Semi-dust tight for use in locked either on or orF, door cannot 
data available. Built for rugged opera- dust-laden atmospheres. Bonderite* be opened. If desired, up to three pad- 


tion under severe conditions. treated for corrosion resistance. locks can be used. 


*Parker Rust Proof Company 





TRUMBUL 





Piano hinges on door. More _ Front-operated die-cast alu- New ‘Tripod Mounting’’ Line Shield guards against 
rigid, more durable. A G-E minum handle. Strong, un- permits firm installation on accidental contact. No live 
safety measure. Heavy steel breakable, easy to grip. irregular walls. Rough han- parts are exposed when 


box takes plenty of abuse Makes close ganging easy. dling won’t shake box loose. switch is off and door open. 


G-E’s heavy duty HCI switches are sturdily constructed to withstand severe electrical and mechan- 
ical stresses. Available in ratings from 30 to 200 amps, 125 to 600 V AC and 240 V DC in two- or 
three-pole construction. For quick delivery call your G-E Trumbull Distributor. For switchboard and 
industrial control applications HCI disconnects are easy to mount, have many cost-saving features. 


GENERAL ELECTRIC 
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...costs less in terms of 


* DOWN-TIME 
* POWER COSTS 
* MAINTENANCE 


T. the engineer who hopes to obtain economy in operation, 
economy of effort, and freedom from anxiety, selecting the 


right brush grade for a specific job is a matter of real impor- 
tance. And sometimes, puzzling. That is why Morganite is glad 
to offer him the services of its engineers to determine the most 
suitable grade for his purpose. 


Carbon brushes have many properties. Both electrical and 
physical. All should be considered carefully. Many times those 
features in a brush which are of fundamental importance in one 
installation may be of little or no importance in another, where 
other features may demand special attention. 


Up-to-date and complete information on all Morganite classes 
and grades of brushes is now available in a new Brush Cata- 
logue — just off the press. Write for your copy today. 


Mh INCORPORATED 


Manufacturers of fine carbon-graphite products for fifty years. 


3308 48th Avenue, Long Island City 1, New York 








Industrial Notes 
(Continued from page 26A) 


developed by the Philco Corporation. 
An agreement was executed between 
Sprague and Philco under which Sprague 
is licensed to produce the Philco surface- 
barrier transistor. Importance of the 
Sprague-Philco agreement in the elec- 
tronic world lies in the fact that it will 
provide two independent manufacturing 
sources for an identical high-frequency 
transistor. Under the agreement, both 
firms are privileged to exchange research 
and development data as well as produc- 
tion and testing techniques on devices in 
the entire field of semiconductors. 


Mexican Subsidiary of Sylvania Formed. 
The formation of Semsa Electronica, S.A., 
a manufacturing subsidiary of Sylvania 
Electric Products Inc., has been announced 
The new company now is building a 
40,000-square-foot plant in Monterrey, 
Mexico, where television sets and tele- 
vision picture tubes will be produced. 
This organization is the result of the rapid 
expansion of television in Mexico. Semsa 
is scheduled to begin the manufacture of 
aluminized black-and-white picture tubes 
in early March, and by mid-year is 
expected to be in production of television 
sets. Both products will bear the Sylvania 
trade name. 


Transistors Used in Automobile Radio. 
A major advance in the automotive radio 
field was revealed by the Delco Radio 
Division of General Motors, with the intro- 
duction of an automobile radio which 
includes transistors. The new radio will 
be available on a production car in the 
Chevrolet Corvette. 


NEW PRODUCTS 


High Resistance Megohmmeter Incorpo- 
rates New Features. A new megohm- 
meter with ranges to 50-million megohms 
(5 x 10! ohms) and continuously variable 
test voltages of 100 to 600 volts d-c has 
been announced by Industrial Instruments, 
Inc., Cedar Grove, N. J. The model 
L-7 megohmmeter incorporates features 
for greater operational ease, accuracy, and 
safety. It is ideal for testing voltage co- 
efficients of the newer insulating materials 
as the infinite number of test voltages 
between 100 and 600 volts may be used to 
evaulate characteristics at several settings 
In capacitor testing, the model L-7 pro- 
vides charge and discharge facilities to 
eliminate meter slam. ‘Test voltages are 
read on the meter scale by means of a 
front-panel switch. Provision for cali- 
brating the megohm scale for each new 
voltage setting eliminates the need for 
conversion factors and provides direct 
scale readings for every voltage. A unique 
indicating meter with logarithmic response 


(Continued on page 32A) 
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FROM SEATTLE 10 NEW YORK 
ITS THE TYPE Wag SWITCH! 














Southern States’ switches being specified by more and more utilities 








SEATTLE —City of Seattle, Department of Lighting, uses 44 NEW YORK—Consolidated Edison Company’s Astoria Gen- 
Type WAG Switches with AMPLITACT® in its new Duwam- erating Station uses Southern States 161 kv 1200 amp Type 
ish Substation, seen here, and 12 in its Shoreline Substation. WAG Air Break Switches and G-WAG Grounding Switches. 


Here is why growing numbers of Southern States’ Type WAG 
Switches are being used throughout the nation: 
Increasing generating capacities, with higher degrees of inte- 
gration and corresponding increases in short circuit capacities, 
require switches that will meet these conditions. 
The Type WAG carries its rated current indefinitely without 
excessive temperature rise and withstands high short circuits with- 
out damage. Even under the most adverse conditions, such as 
icing, the Type WAG can be depended upon to perform adequately. 
All of the features are described in Bulletin 390-R. Get a copy 
from your Southern States representative, or write direct, and see i , 
why it will pay you to specify and use Type WAG Switches. -_ . p> ILLUSTRATED: Type WAG Swit! 
S 46 kv — 1200 amps 


able from 7.5 to 230 kv 


and 400 to 4000 amps 


SOUTHERN STATES €ourpment corp. 


HAMPTON, GEORGIA 





R 


IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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THE NEW MODEL 3 


AUTOGRAF 


trade mark 
The Model 3 AUTOGRAF X-Y Recorder incorporates the proven features 
of the Model 2 in a compact instrument, ideal for use with standard 
84%" x 11” graph paper. Rugged, accurate, fast, and stable, the Model 
3 provides facilities for curve drawing and curve following with full 
visibility of the recording while in operation. 
e Ranges: 5 mv up to 500 volts, full scale. @ 200,000 ohms/volt input resistance. 
e Independent, isolated inputs, free of ground. eZero set and one full scale length 


eSpeeds: Up to % second. full scale. zero offset, both axes. 
e Resolution 0.1%; accuracy and resolution 0.25%. @Liquid ink or ball point pens. 


The addition of the Model 3 to the Moseley AUTOGRAF line gives you 
three X-Y recorders to choose from: 


MODEL 1 MODEL 2 MODEL 3 


Drum type Flat-bed Desk Type 

8%" x 11” paper 11” x 16%” paper 8%" x 11” paper 

X-Y Recorder- X-Y Recorder- X-Y Recorder - 

Curve Follower Curve Follower- Curve Follower 
Point Plotter 


More than 1000 AUTOGRAFS are in use .in laboratories, univer- 
sities, and industrial plants throughout the U.S. and overseas. 


Bulletins describing these instruments 
L. MOSELEY CO. are available and we'll be glad 
to send them to you. 


Fair Oaks Ave., Pasadena, Calif 





New Products 
(Continued from page 30A) 


provides uncrowded, easy-to-read, high- 
end scale. The L-7 utilizes 115 volt, 
50/60 cycle power line as power source. 


Electronic Liquid Level Control. 
Machinery Electrification, Inc., of North- 
boro, Mass., has announced the develop- 
ment of the MEK-3007A electronic liquid 
level control for general processing indus- 
tries. The MEK-3007A was designed to 
provide a device which will minimize and 
simplify maintenance in an industry that 
cannot afford downtime. For example, in 


the food and dairy processing industry, 
downtime can become costly when food 
spoilage occurs and processing is not com- 
pleted as planned. In an effort to keep 
maintenance time to a minimum, the 
MEK-3001A incorporates a plug-in relay 
encased in a transparent cover. This 
cover permits inspection of the circuit 
operation at any time as well as preventing 
the entry of dust or other foreign matter 
which may affect relay operation. The 
electronic liquid level control can be con- 
nected for all types of service. This con- 
trol will monitor any liquid whose resis- 
tivity is between zero and 2 million ohms 
per centimeter cube. Shock hazard is com- 
pletely eliminated inasmuch as the probe 
voltage is less than 12.5 volts and is 
isolated from the a-c power supply by a 
transformer. 


Magnetic Field Control System. A mag- 
netic field control system which permits 
highly accurate stabilization and control 
of magnetic fields in the range of 300 to 
18,750 gausses, has been announced by 
Nuclear Magnetics Corporation of Boston, 
Mass., a subsidiary of The Perkin-Elmer 
Corporation. The system, utilizing the 
principles of nuclear magnetic resonance, 
controls magnetic fields by deriving error 
signals directly from the field, rather than 
from magnetizing coil voltage or current 
measurements. Called the NUMAR (reg- 
istered trade-mark) magnetic field con- 
trol system, model C-7, it can be used to 
control the magnetic analyzing field of a 


(Continued on page 36A) 
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CO-ORDINATED 
ELECTRICAL SYSTEMS 
OF 


BUSWAY ond SWITCHGEAR 


In modern industrial and commercial -buildings, 
there are two major components of electrical dis- 
tribution systems, busway and switchgear. 

Uni-Bus busway provides a new concept in elec- 
trical distribution. Industrial and commercial in- 
stallations are more flexible, safer and truly eco- 
nomical with the new Uni-Bus busways. 

For numerous tap-offs, as in industrial plants, the 
Uni-Bus plug-in system is ideal. To carry current 
from one point to another with only a few tap-offs, 
as in lighting risers in office buildings, the Uni-Bus 
feeder system is most economical. 

To obtain maximum efficiency from the Uni-Bus 
system, co-ordinated overload and_ short-circuit 
protection is essential. This is accomplished best 
with Roller-Smith switchgear expressly designed 
with that aim in view. Extensive testing at Roller- 
Smith is the basis for sound engineering co-ordina- 
tion between Uni-Bus busway and switchgear. 
That’s why we selected the name BUSGEAR to 
idéfify the completely co-ordinated system manu- 
factured by Roller-Smith under ove roof and under 
the supervision of o#eEngineering L-epartment. 


cor roe atrteon 


BETHLEHEM, PENNSYLVANIA 





How to make 


Write for 


your copy 
“MAGNETIC MATERIALS” 


This 32-page book contains valu- 
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. EL-75 
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a Magnetic Core 


that’s really small? Use PERMENDUR! 


When the conditions of service 
make it imperative for you to hold 
the size and weight of magnetic 
cores at an absolute minimum, that’s 
the place to use Permendur. With 
it you can push the flux density up 
to 20 kilogausses, and practically 
eliminate weight as a consideration. 

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this 


alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities. 

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
other electrical alloys that is un- 
matched in its completeness. Our 
services also include the most 
modern facilities for lamination 
fabrication and heat treatment. 

Let us supply your requirements. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 

® 


STEELMAKERS to the Electrical Industry 





Allegheny Ludlum 


W&O 5443 
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flansistor (Actual Size) 





unction (Actual Size) 


conductors 


L_-...J Hughes offers one of the most comprehensive families of semiconductors in 
the industry. This gives you great freedom of selection—makes it possible for you to take advantage 
of characteristics peculiar to many devices. It means, also, that it is possible for us impartially to 
recommend (and to supply) specific Hughes semiconductors best suited to your requirements. 
Since diode selection is not confined to types derived from a single kind of production, you can choose from 
varying combinations of electrical or performance characteristics. Some of these are: 
High Conductance ... High Back Resistance .. . Quick Recovery... High Temperature Operation. 
Whatever your circuit application, remember that, in every semiconductor product category, 
HUGHES QUALITY Means HIGHEST QUALITY. 


AT THE IRE sHOW ALL DIODES MADE BY HUGHES ARE 
visit our display in booths 753, 755, 757- Our new N-P-N Fused Moistureproof—Fusion-sealed in a one-piece glass envelope. 
Junction Transistors will be exhibited in operating demonstrations, Rugged —Successfully withstand physical shock and vibration. 


“the a representative selection of germanium and silicon . 
together with a represe ave . § x Stable— Mechanical and electrical characteristics remain stable 


diodes from the extensive Hughes line. Meanwhile, for additional throughout a long operating life. 
inferination, or descriptive product Mersime, plone wee: All Diodes Tested—For electrical and mechanical characteristics. 


HUGHES Subminiature—Glass envelope: 0.265-inch by 0.10§-inch, max. 


ee 


SEMICONDUCTORS 
PRODUCTS DIVISION 
HUGHES AIRCRAFT COMPANY 


International Airport Station, Los Angeles 45, California 
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New Products 
(Continued from page 32A) 


particle accelerator, thus producing accu- 
rate beam energy control. It gives high 
accuracies in analysis by controlling deflec- 
tion magnets, and can be used to control 
the magnets of microwave spectrometers 
and mass spectrometers. If desired, the 
system can be used to control two mass 
spectrometers in tandem, thus approxi- 
mately squaring the resolving power of a 
single mass spectrometer. 


PRECISION 
ATTENUATION 


TO 3000 me! 


High Sensitivity Oscilloscopes with 
Large Screen Announced. Combining 
high sensitivity with large screen display, 
a new oscilloscope has been developed by 
Electromec, Inc., Los Angeles, Calif. 
Units are available with 17-inch and 21- 
inch rectangular tubes, designed for high 
resolution and long-range visibility. This 


Protected under Stoddart Potents 


six - position 


TURRET ATTENUATOR 
featuring PULL-TURN-PUSH action 


FREQUENCY RANGE: de to 3000 me. new development makes possible the 


CHARACTERISTIC IMPEDANCE: 50 ohms. detailed observation of complex wave 


CONNECTORS: Type “N” Coaxial female fit- 
tings each end. 

AVAILABLE ATTENUATION: Any value from 
1 db to 60 db. 

VSWR: 1.2 max., de to 3000 mc/s, values from 
10 to 60 db. As value decreases below 10 db, 
VSWR increases to not over 1.5. 

ACCURACY: + 0.5 db. 

POWER RATING: One watt sine wave power 
dissipation. 


forms and large quantities of data with 
minimum interpolation and reading error. 
The new Electromec Scope monitors and 
demonstrates complex signals in readable 
form, especially where input is of a low 
order of magnitude. In addition to the 
high sensitivity of 10 millivolts peak to 
peak for full scale deflection, other impor- 
tant features include + 1 per cent linearity, 
stable d-c amplifiers, calibrated time base 


(from 10 microseconds per inch to 1 second 
per inch), and gain controls calibrated in 
peak to peak volts per inch. For further 
information, write to Electromec, Inc., 
Oscilloscope Department, 5121 San Fer- 
nando Road, Los Angeles, Calif. 


SINGLE “IN-THE-LINE’” ATTENUATOR PADS 
and 50 ohm COAXIAL TERMINATIONS 


This new group of pads and terminations features 
the popular Type C and Type N connectors, and 
permits any conceivable combination of the two 
styles. For example, the two connector types, either ; 
male or female, can be mounted on the same atten- Metal Mounts for Delicate Instruments. 
vator pad, with or without flanges, so that it may Using an isolated means of mounting 
serve as an adapter as well as an attenuator. delicate electronic and navigational instru- 
Frequency range, impedance, attenuation, VSWR, ments to provide maximum vibration pro- 
accuracy and power rating are as designated tection and equipment stability in air- 
above. Send for free bulletin entitled “Measure- craft and missiles, has been announced by 
mont of RF Attenvation.” the K. W. Johnson and Co., Inc., Dayton, 
Ohio. Johnson Metal Mounts are a 
double damping system where a circular 
coil spring tempers the motion of a convex- 
concave spring to lift the efficiency of the 
damping to 95 per cent. Usually, four 
of these mounts are attached to the base 
of all electronic components in the aircraft— 


STODDART. aircraft radio co., inc. 


6644-B SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA -- HOLLYWC 





(Continued on page 40A) 
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- at ite 
Wis IS THE SERVICE ENTRANCE CABLE FOR TODAY’S HIGHER LOADS 


_—_—_a—=—=_ 


Today's highly electrical 
homes demand a Service Entrance Cable 
with the ability to handle much heavier 
loads than ever before. That’s why Tri- 
angle changed to a better insulation — 
Type RH-RW. All Triangle Service En- 
trance Cable is now furnished with this 
fine insulation. Type RH-RW insulation 
exceeds Underwriters’ specifications for 
either RH or RW. 

yp Me Kodex 


The Trade Mark 
of TOP Quality 


® 


Marcu 1976 


WITH 


TRIANGLE R H - RW wwsuration 


Triangle Service Entrance Cable, with Type RH-RW insu- 
lation, is far and away your best buy. Not only does 
Triangle Service Entrance Cable incorporate today’s 
highest quality insulation, the cable also has these out- 
standing advantages: 


1. “Silver” outer cover. 


Clean, smooth, good-looking, takes and holds paint, easy 
to strip. 


2. Tough and weatherproof—yet flexible. 


The cover and inner construction of Triangle Service Entrance 
Cable are made for long-lasting ruggedness and flexibility 
The outer braid is a unique combination of glass filaments 
and long-staple cotton for long life and a guarantee against 
peeling, cracking or festooning. Inner layers are made from 
the best available material—so good, that you can ‘feel’ 
the quality of this cable the minute you handle it. 


TRIANGLE CONDUIT & CABLE CO., INC. 


NEW BRUNSWICK, N. J. 
Manufacturers of Arteries for Electricity, Liquids and Gases 
WIRE - CABLE - CONDUIT - PLASTIC PIPE - BRASS AND COPPER TUBE 
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FOR HEAT 
RESISTANCE 
TO 200°C 


Silicone Insulated Wires and Cables 
0-5,000 volts 


Consult our Engineering Department 


Collyer 


Insulated Wire Co. 
245 Roosevelt Ave. 
Pawtucket, R. I. 





New Products 
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up to 500 in a fighter plane, and over 
3,000 in bombers. The basic function of 
the mount is to isolate and attenuate the 
structural vibration originated by the 
engines, propellers, jet turbines, and rough 
air. Resonance is a condition common 
with all materials, and it is in direct 
relationship to the inherent qualities and 
composition of the material involved. 
The principle of any isolator is to maintain 
this resonance point at low frequency 
so that is will cover the higher ranges with 
maximum efficiency. 


Pole Top Bracket. A new pole top 
bracket for mounting post-type distribution 
insulators is announced by the Lapp 
Insulator Co., Inc., Le Roy, N. Y. 
Ihe bracket is designed to use with Lapp’s 
recently introduced distribution post in- 
sulators (20- and 27-kv ratings) and for 
subtransmission service with line-post in- 
sulators up to and including 35 kv. It is 
recommended for use with post-type in- 
sulators in conventional pole-top con- 
struction with crossarms, or for an optional 
low-cost method of construction with in- 
sulators mounted horizontally directly to 
pole. The unit is pressed-steel ribbed for 
increased strength, and hot-dip galvanized. 


New Wiring Device. Have you eve 
been frightened by strange noises in or 
about your house in the dead of night, o1 
stumbled around in the dark looking for a 
light switch. Now you can _ eliminate 
these anxious moments by instantly flood- 
ing your house and ground with light 
controlled by silent bedside switches. 
This remote control of all interior and 
exterior lighting is made possible by Rem- 
con, a new wiring device introduced by 
the Pyramid Instrument Corporation, 
Lynbrook, L. I., N. Y. Electrically heat- 
ing the bathroom before moving from 
bed, silencing the radio from the next 
room, turning on the porch light from the 
kitchen, starting the attic fan from a kitchen 
switch and lighting the nursery from the 
bedroom are among the many applica- 
tions for every part of the house. Remcon 
requires no centrally located external 
transformer; each circuit is a separate 
self-contained unit completely independent 
of any other. All the electrician has to 
do is fit a Remcon unit into the outlet 


(Continued on page 40A) 
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OF 1%... LABORATORY 


STANDARDS 


the primary instrument standards the world over... 
for instrument checking and maintenance, and wher- 
ever measurements must be made to a high degree 
of accuracy. Available as D-C Voltmeters and D-C 
Ammeters, and as A-C and D-C Voltmeters, Am- 
meters, and Single Phase Wattmeters. 


OF 1%...PORTABLE 
STANDARDS 


the portable reference standards, for checking in- 
struments, certified test work, and laboratory meas- 
urements. Available as A-C and D-C Voltmeters, 
A-C and D-C Ammeters and Milliammeters, D-C 


and Single Phase A-C Wattmeters, Poly Phase Watt- 


meters, Power Factor Meters, Frequency Meters and 
Phase Angle Meters. 


J: 


ty) 


@ ACCURACY RATED 


Weston’s comprehensive selection of accuracy 
ratings enables you to choose instruments which 
exactly meet your measurement needs from every 

standpoint...conservatively rated accuracy, long 
life, low cost. For literature, consult your local 
Weston representative, or write direct. 


WESTON Instruments 


WESTON Electrical Instrument Corporation 
614 Frelinghuysen Ave., Newark 5 N. J.—A subsidiary of Daystrom, Inc. 


STANDARDS 


%...FIELD AND SHOP 
INSTRUMENTS 


f TULL 


the rugged portables for general test work where 
long, readable scales and high shielding are desired. 
Available as D-C Voltmeters, Ammeters, Milliam- 
meters and Volt-Ammeters; and as A-C Voltmeters, 
Ammeters, Milliammeters, and multi-range Amme- 


ters and Voltmeters; A-C and D-C Single Phase 
Wattmeters. 


Miniature D-C portables for accurate measurements 
in shop or field. Available in all required ranges as 


D-C Voltmeters, Millivoltmeters, Ammeters, Milli- 
ammeters, and D-C Volt-Ammeters. 
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BIDDLE Vustrameat WYews 


Biddle Motor and 
Phase Rotation Tester 
(Dual Purpose) 


With it you can... 


@ Determine the direction of rota- 

tion of electric motors before 
they are connected to the line. 
Determine the phase rotation 
or sequence of energized power 
circuits. 


Here is a positive means for determining 
which motor leads must be connected to 
certain conductors of a supply system to 
insure that the motor will rotate in a pre- 
scribed direction when energized. 

This device will permit the electrical 
contractor or industrial maintenance elec- 
trician to permanently connect and tape 
the terminals of the motor being installed, 
to first energize the motor 
“hook-up” 


available, to 


without having 
by a temporary from a power 
source, if determine 
its rotation. 

12%" 


Housed in a sturdy oak case (" «x 


8'4" x 414” this compact unit weighs 
approximatel) 10 pounds and is supplied 


complete with 3 line and 3 motor leads 
which store in the compartments either 
side of the instrument panel. 

For complete details write for Bulle- 


tin 80-EE. 


JAMES G. 


e ELECTRICAL 
°* SPEED 


TESTING 
MEASURING 





INSTRUMENTS 
INSTRUMENTS 


Biddle Dielectric Test Set 
Model 1-40 KV 


—for measuring d-c current at volt- 
ages up to 40 kv when applied to the 
insulation of such equipment as 
generators, transformers, bushings 
and cable. 


Carefully considered safety features, 
excellent output voltage regulation, 
simple operation, compact design, and 
facilities for making voltage and current 
measurements at either polarity have 
been incorporated in this test set. 

The set has a current rating of 25 
milliamperes at short circuit, and current 
measurements can be made down to 0.5 
microamperes which is the first division 
on the microammeter. 

Overall dimensions are: height 19% 
in., width 13% in., depth 20 in., weight 
120 Ibs. All high voltage components are 
oil immersed. 

For ( omp ylete details, 
specifications, and prices, 


Bulletin 22-EE. 


description, 
write for 





- Bide lle Co. 

, Phila. 7, Pa. 

Gentlemen: Please send me 
Bulletin 80-EE 
Bulletin 22-EE 








BIDDLE Co. 


1316 ARCH STREET 
PHILADELPHIA 7, PA. 


* LABORATORY & SCIENTIFIC EQUIPMENT 
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New Products 


(Continued from page 38A) 


box and match the three wires ‘of the unit 
to the three wires of the switch. Six volts 
are required to activate the outlet, number 
18 bell wire replaces the heavy BX cable 
normally run from outlet to switch and 
installation becomes simple and economi- 
cal. 


Hi-Fi Tape Recorder Produced. Pro- 
duction has been started on a new Radio 
America (RCA) 
fidelity tape recorder, the first to be manu- 
factured by this company. The demand 
for tape recorders, for the home and busi- 


Corperation of high- 


ness, could easily be a $100-million-a-year 
industry in the near future. The Judicial, 
model 77R3, a 3-speaker, push-button 
portable incorporates a number of new 
engineering advances and is the forerunner 
of a complete line of RCA Victor tape 
recorders. Other models in the line are 
scheduled for introduction within the next 
several months, RCA has marketed mag- 
netic tape recorders for several 
However, previous were 
factured by outside firms according to 
RCA specifications. Chief among the 
new features of the Judicial is a newly- 
designed amplifier that is perfectly matched 
to the magnetic head of the tape transport 
and the exclusive voice-music switch. This 
feature permits the selection of the best 
sound characteristics for either 
music recording. The newly 

amplifier has an output of 2 watts undis- 
torted. It has three loudspeakers and 
will record and play back at either 7!/, 
or 33/, inches per second. 


years 


models manu- 


voice or 
developed 


Dual Output Voltage Magnetic Ampli- 
fier. Announcement of the dual voltage 
range magnetic amplifier regulated d-c 
power supply, 4 R/040-30A, with a voltage 
output of 5 to 30 volts and 10 to 40 volts 
at 30 amperes has been made by Perkin 
Engineering Corporation, 345 Kansas 
Street, Ei Segundo, Calif. This tubeless 
unit contains no moving parts and has a 
dual wide-range output voltage in one 
compact container. For further literature 
and specification sheets, write Perkin 
Engineering Corporation on company 
letterhead to the attention of Philip Dia- 
mond 


Digital Voltmeters Feature Automatic 
Continuous Calibration. Electro Instru- 
ments, Inc., San Diego, Calif., manufac- 
turer of precision instruments, has 
announced an important improvement in 
their digital voltmeters. The company’s 
voltmeters are used to measure, display, 


(Continued on page 42A) 
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Want smaller, lighter transformers 


Eb aho Mest Mosh coibbh alo} 4-1-0 -¢-3 4-04 


Then LOCKE’S TYPE U is the 


Johbe=}abbake mb xe) aR 'col bb ah e} ol-be-hab it 


tg Type U is the high voltage apparatus bushing which 
gives you all the desirable electrical characteristics of 
earlier bushing designs PLUS the added advantages 
of smaller dimensions and lighter weight. 


For example, Locke’s 161 KV Type U bushing is 6%” 
smaller in ground sleeve diameter, and 590 lbs. lighter 
than its equivalent of earlier design. There is no sacrifice 
in dielectric strength. 


Specify Type U for your apparatus, and chances are 
good you'll find that your transformers and oil circuit 
breakers will come to you accordingly smaller and 
lighter. 


For replacement purposes, Type U is ideal because you 
can handle it more easily during installation . . . and 
less storage space is required. 

Consult your apparatus manufacturer, or send today 
for complete descriptive literature. 


Unusual Radio Noise Test Procedure . . . 


Photo shows radio noise test of 287.5 KV Type U 
bushing. (Today, radio noise is almost zero.) Each 
and every Type U bushing is radio noise tested 
both before and after one minute ASA standard high 
potential dry withstand test. This procedure is unusual 
as the common industry practice is to test on a 
selected sample basis. Locke makes this and other 
extra tests to insure uniform bushing reliability. 


Role 


LOCKE DEPARTMENT 
FOR 92 KV AND ABOVE GENERAL ELECTRIC COMPANY 
BALTIMORE, MARYLAND 
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New Products 


/ THE LAKEWOOD ST RY ; : < i . (Continued from page JOA 


About 


HEAVY 
DUTY 
SWITCHES 


i 


hk 
and, if desired, record a-c and d-c voltages 
automatically. Measurement is accom- 
plished by comparing the unknown voltage 
with an extremely stable reference. This 
QUALITY ABILITY reference is incrementally varied by auto- 
matically switching decades of precision 
That's OUR story in three words. We have found in the past that quality is resistors arranged in a Wolff-bridge circuit. 
the keynote of success. Most customers remember the quality long after they Formerly, calibration of the instrument 
have forgotten the price, whether it be high or low. Quality of a product was done manually. Now, through a new 
insures dependable operation for a longer period of time. The three words circuit design, all Electro Instruments 
therefor go hand in hand. Voltmeters are continuously calibrated 
We have stressed the importance of quality in our shop until it has now automatically. Stability is 0.01 per cent 
become a second nature with our entire staff. You will find that we are com- from 40 to 125 F with only 30 seconds 
petitive in price . . . competitive in service ... and far ahead in Quality— warm-up time required for 0.01 per-cent 
Endurance—Dependability. | accuracy. Input impedance is 1,000 meg- 
For more information write to: ohms on the lowest scale and 11 megohms 


THE LAKEWOOD CO. es iar 


264 PRAIRIE AVE. CRYSTAL LAKE, ILLINOIS . . : 
Wide-Band Frequency Synthesizer. A 
MANUFACTURERS OF ELECTRO MECHANICAL PRODUCTS frequency synthesizer which generates a 


single frequency that is continuously vari- 
able from 30 cycles per second to 30 mc, 






































and which may be used as a laboratory 
frequency standard, has been introduced 
by the Federal Telephone and Radio 
Company, division of International Tele- 
phone and Telegraph Corporation, 100 
Kingsland Road, Clifton, N. J. The 
instrument, designated as type F7-XUA, 
is ideal for problems of filter engineering, 
testing crystals, precision frequency meter- 
ing, and investigation of a variety of 
electrical elements where high selectivity 
and stability are required. 


Cable Trough. A simplified coupling for 
cable trough speeds installations, reduces 
installation costs. The new connector, 
+ announced by T. J. Cope, Inc., of Phil- 
a adelphia, Pa., secures the two coupler 
FOUR-CHANNEL CARRIER-TELEPHONE TERMINAL FOR RADIO LINKS er ee’ ook ook ee tin 
: place. Assembly is quick and the pin 
This is a miniaturized unit of advanced design which provides four can be removed should future changes or 
voice channels on a frequency-division basis above a voice-frequency expansions be needed. The pin-type 
order-wire channel. Each of these five channels is provided with a 4-wire coupling reduces the number of pieces 
2-wire termination and a voice-frequency ringing circuit for d-c or 
20-cycle signals. Adjustable attenuators are provided in the 4-wire 
side of all channels, and a built-in test oscillator and meter permit 
complete line-up, maintenance and trouble-shooting checks to be 
made. Channel levels are from —9 to 0 dbm and line levels from —30 
to 0 dbm. Channel width is 300 to 3500 cycles within 1 db. 
This unit is only 54%4”’ high by 19” wide by 14” deep. It mounts on 
a standard rack and operates from 115 volts 50-60 cycles a.c. 


RADIO ENGINEERING PRODUCTS 
1080 UNIVERSITY ST., MONTREAL 3, CANADA 


TELEPHONE CABLES 
UNiversity 6-6887 RADENPRO, MONTREAL 





(Continued on page 50A) 
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First 

10,000 amp 
self-cooled 
isolated phase bus 
ever built 








1-T-E 10,000 amp self-cooled isolated 
phase bus in laboratory for thermal test. 


... design eliminates auxiliary forced-air cooling equipment 
Now you can get heavy current isolated phase bus of this rating and above 
without having to buy and maintain auxiliary equipment to cool it. 
I-T-E design includes: 

e All aluminum conductors 

e Connectors—bolted or field welded 

e Covers—telescoping type; split halves, bolted or field welded 

For more complete information, write Switchgear Division, I-T-E 
Circuit Breaker Company, 19th and Hamilton Sts., Phila. 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY « Switchgear Division 
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+ Enorgeey Rewinding 


LARGE HYDRO GENERATOR 


ooe@ prt: page from the casebook of National service 


When this 65,000 KVA waterwheel generator 
“blew up,” National people worked around the 
clock until it was back in service. National field 
engineers supervised stripping of the machine, re- 
stacking of the iron and installation of the coils. 
By the time the core was ready, coils were flowing 
out of National’s Columbus plant in twice-weekly 
partial shipments. More than 10,000 pounds of 
mica tape and 50,000 pounds of copper—fabricated 
by National’s insulation department and wire mill 





—were used. The last of the 420 coils was completed 
six weeks after the job was started. Total down time 
on the generator was only nine weeks. And the 
rewound machine had a capacity of 74,750 KVA. 

Unusual case? No, just a typical example of what 
National can do. That’s why you should invite your 
nearby National field engineer to tell you all about 
National services—why you should think first of 
National when you have a problem with any large 
rotating electrical machine, 











NATIONAL ELECTRIC COIL COMPANY @ 


COLUMBUS 16, OHIO, U.S. A. ans: 


ELECTRICAL ENGINEERS: MAKERS OF 
REDESIGNING AND REPAIRING OF 
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ELECTRICAL COILS AND INSULATION 
ROTATING ELECTRICAL MACHINES 
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Through Mountainous Terrain, Dust Storms 
and Weather Extremes... 








From a point on Colorado’s Cheyenne 
Mountain, the microwave beam is relayed 
over mountains and prairies alike in its 
230-mile swing to gas fields in Kansas 
and Oklahoma. 





| 
Pr} COLORADO KIT CARSON 


SPRINGS 


KANSAS 








RCA Microwave’s Dependability 


has justified Colorado Interstate Gas Co.’s choice for pipeline communications system 


When Colorado Interstate engineers studied communica- 
tion facilities to connect home office with pipeline com- 
pressor stations and with gas-producing fields in Kansas 
and Oklahoma, they considered wire line, common car- 
rier and microwave. They chose RCA Microwave. 


According to W. I. Blount, Superintendent of Dispatch- 
ing and Communications, “RCA Microwave offered many 
advantages. It provided relatively easy maintenance, 
static-free operation and was economically equal to wire 
line or common carrier. And the more numerous the 
channels, the cheaper by comparison it became. 


“In addition, such a microwave system made it possible 


Microwave specialists will be glad to answer any 
questions and plan your installation. Mail coupon 
for further particulars on use of Microwave in 
utilities, pipelines, turnpike and other applications. 


to integrate into our already established VHF radio 
system more stations and mobile units and thus increase 
the efficiency and scope of our radio system. It offered 
almost unlimited future possibilities, such as telemetering 
channels, facsimile, teletype, additional voice channels, 
remote control of camendel stations and a service chan- 
nel—all at a relatively small cost.” 


Only RCA MICROWAVE systems provide so many 
advanced engineering features. For example, single side- 
band suppressed-carrier frequency-division multiplex is 
used exclusively to meet high standards of dependability. 
Frequency is controlled from the terminal through the 
entire system. 


i, RCA MICROWAVE 
: 


Radio Corporation of America 
Communications Equipment, Dept. C-42, Building 15-1, Camden, N. 


Please send me latest literature on RCA Microwave 


® 
RADIO CORPORATION 
of AMERICA 


COMMUNICATIONS EQUIPMENT 
CAMDEN, N. J. 
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TRANSFORMERS 


To change higher voltage distribution service 
to lower voltage lighting and power circuits 


SORGEL AIR-COOLED DRY-TYPE TRANSFORMERS 
are the most practical type for indoor installations 


Requiring no oil or liquid, they can be installed in almost 
any convenient place inside of buildings, without fire-proof 
vaults or other enclosures, and meet the requirements of the 
National Electrical Code. This eliminates the necessity of 

“tive : long runs of secondary feeders and reduces installation and 
wt io ed Pi - vo —_— wiring costs. 
240/120 voit _ The transformers can be installed at load centers, using 
higher voltage feeders, requiring smaller copper, increasing 
$8 ¢0 60 Mw S-phase efficiency, improving voltage regulation and reducing 
wall mounting type losses. They require no maintenance or further attention 
after installation. 

Easy installation, easy connecting, rugged construction, 

low sound level. 


TYPICAL APPLICATIONS 
Sorgel Air-Cooled Dry-Type Transformers are used to: 


Operate 120 volt lighting and portable equipment from 
240, 480 or 600 volt power circuits. 


Supply more than one voltage from a single voltage 
system. 


Change odd voltages to standard voltage. 
Phase changing. 


For high voltage interior distribution systems of 2400, 4160, 
4800, 7200, 13,200 and up to 15,000 volts. 


For substations and load centers. 














Tested and approved by Underwriters’ Laboratories 
under the Re-examination Service 





Complete line Stock carried by jobbers 
in the following cities: 


a 


V4 Kva to 2500 Kva single phase. 
New York, N. Y. Chicago, III. 
1 Kva to 3000 Kva 3-phase, 2-phase, and = Buffalo, N. Y. Rockford, Ill. 
phase changing. Roxbury, Mass. Rock Island, III. 
High Point, N.C. Richmond, Ind. 
All standard voltages, such as 120, 208, Raleigh, N.C. Omaha, Neb. 
240, 480, 600, 2400, 4160, 4800, 7200, Philadelphia, Pa. Davenport, la. 
13,200 and up to 15,000 volts, and any Cincinnati, Ohio Cedar Rapids, ta. 


intermediate or special lower voltage. Cleveland, Ohio Beaumont, Tex. 
“ ° Louisville, Ky. Los Angeles, Cal. 


Also Special Transformers Consult the classified section 


of your phone directory, or 


ee - and Saturable Reactors illin dn the fueseey. 











Sales Engineers in Principal Cities 


SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 4, Wisconsin 


4“ years’ experience in the development, manufacturing and application of transformers 
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$ BIG PLUG-IN DUCT ADVANTAGES 
ONLY FEDERAL PACIFIC DESIGN 
PROVIDES THEM ALL! 





1. “H’’ CHANNEL 
CONSTRUCTION—four 
interlocking channels... 
top, sides, bottom...the 
most rigid of all bus 
duct construction. 


2. AMPLE PLUG-IN 
OUTLETS — plug-in out- 
lets every 12 inches... 
simplify locating of ma- 
chinery. 


3. DROP-TYPE HANG- 
ER—easy to align... 
simplest hanging device 
ever developed. 


4. EXTERNALLY 
MOUNTED SPRINGS— 
holds outlet covers in 
position at any point 
along duct. 


Pt 


FEDERAL PACIFIC 
ELECTRIC 


meee ee pe ee ee 


5. SILVER PLATED BUS 
BARS—assures good 
contact at joints and 
plug-in locations. 


6. INSULATED RECEP- 
TACLES— provide safe, 
protected plug-in out- 
lets...each phase iso- 
lated in its own com- 


7.MODERN BOND- 
ING TREATMENT 
coats steel enclosures 
with rust-resisting pro- 
tective finish. 


8. SLIDING COVERS 
OVER PLUG-IN OPEN- 
INGS—provide easy ac- 
cess without the aid of 
tools. 


partment. 





Plus LOW RESISTANCE JOINTS 

A minimum of 2 bolts per silver-plated bus bar 
at the splice assures a good contact and a low 
resistance joint. 


Plus ABSOLUTE SAFETY 


Insulated plug-in openings protect maintenance 
men from accidental contact with live bus bars. 
In addition, hook-shaped safety brackets on 
plug-ins support the units until permanent con- 
nection can be made. Rocker-type handles on 
circuit breaker and safety switch plug-ins per- 
mit hook-stick operation from the floor. 


Plus EXTREME FLEXIBILITY 

Standard “tees”, “elbows” and “offsets” permit 
installation around any building construction. 
Because of its “erector set” simplicity, addi- 
tional units of Federal Pacific Bus Duct can be 
added with a minimum of plant shut-down. 


Plus GREATER JOINT ACCESSIBILITY 


Factory-fabricated sections of Federal Pacific 
Duct have a larger opening at the joining points 
than any other bus duct design. This additional 
working space facilitates and speeds installation. 


Finest Products Engineered 


FEDERAL PACIFIC ELECTRIC 


COMPANY 
50 PARIS STREET, NEWARK 1, NEW JERSEY 








pe 


FEDERAL PACIFIC 
ELECTRIC 











Horizontal DRAWOUT AIR Circuit Breaker— 
mounted on four-wheel truck can be 
easily moved “in’’ and “out” of its cell. 
Guide rails engage breaker wheels to 
insure proper contact alignment. Break- 
ers of like rating are completely inter- 
changeable. 


Finest Products Engineered 


FEDERAL PACIFIC 





Combines most advanced 
breaker design with proven 
advantages of Metal-Clad 
construction 


Modern, functional in appearance, Federal Pacific Metal- 
Clad Switchgear design is being proved over and over 
again in a rapidly increasing number of trouble-free 
installations. Completely assembled, wired, and adjusted 
at the factory—Federal Pacific Switchgear is thoroughly 
tested before shipment. 


MOST ADVANCED MAGNETIC AIR CIRCUIT BREAKER DE- 
SIGN — utilizing Solenarce principle of are interruption 
for exceptionally fast, positive arc extinction. The reli- te me 
ability of these breakers has been field-tested in hun- 
dreds of installations and their interrupting ability e e 
proved by exhaustive laboratory tests. a 


FEDERAL PACIFIC 


FLEXIBILITY —removable breakers and associated equip- maniac 


ment are installed in individual free-standing enclos- 
ures and bolted together to form complete switchgear 
assembly... permits easy field installation of additional 
units. 








SHEET STEEL BARRIERS—divide section interiors into com- 
partments isolating breakers, busses, instrument trans- 
formers, and cable terminations...permits complete 
accessibility ...safeguards personnel from adjacent live 
circuits. 


SHIPPED READY FOR INSTALLATION— overall assembly 
can be divided into shipping sections for convenient 
handling by purchaser. 


preaperesricumgaane 
i 








¥ 


a a 
Solenarc Principle of Arc Interruption—Arc 

moves upwards between chamber plates 

and is formed into a series of rapidly 

expanding loops. As a result of extremely 

fast arc elongation and more efficient 

utilization of the arc chamber cooling 

surfaces—circuit interruption occurs at 

or near the first current zero. NEW Scranton Plant—specially designed to provide the 
latest in switchgear manufacturing facilities—this spa- 
cious new plant consolidates Federal Pacific's assem- 
bled switchgear activities in one location. 


ELECTRIC coma’ 
50 Paris Street, Newark 1, N. J. 











Qin OALOHM.... 


You can depend 
on the 
> expanded line of 


TYPE DCH 


HERMETIC SEALED RUGGEDIZED 
DEPOSITED CARBON RESISTORS 


NEW smaller sizes — NEW wattage ranges 


Ideal for use in UHF equipment ¢ Resistance ranges 
where only the optimum of i to 200 megohms 
quality may be tolerated. ¢ Temperature 
Completely high temperature alloy coefficient 140 
solder sealed in envelope of non-hydroscopic PPM to 500 
ceramic. Ruggedized for incorporation PPM per degree’C 
into snap-in clips. Production tested 
for resistance to thermal shock, salt-water tolerance 1% 
immersion, and resistance to humidity. (other tolerances 
DCH-Y¥, Uy ee DCH: a, Vo available) Meet 
watt; DCSH-'4, % watt; MIL-R-10509B 
DCMH-\,, % watt; DCH-™%, (proposed) 
yy watt; DC H-1, 1 watt; Specifications 
Write for DCH-2, 2 watts. 
Bulletin R-! 


e Standard 





Export Dept.: Pan-Mar Corp 
1270 Broadway, New York 1, N.Y 


i] : q i 
1312 28TH AVE., COLUMBUS, NEBRASKA, U.S.A. Prene 2190 into Alden Aes too 





FLINT 


developed. 


habricated 


this unique Triple-Circuit Tower 


The completely integrated service 
offered by Flint made this unusual 
tower possible. From original idea 
to actual erection, Flint was there. 
When you build anything with gal- 
vanized structural steel why not take 
advantage of this unusually complete 
Flint service. 


_ BLO TULSA 
(sl MEMPHIS 

















New Products 
(Continued from page 42A) 


required for one connection from 13 to 3. 
Nuts, bolts,; and washers are replaced by 
only two pins. The joint is completed 
with a plate that fits both over and under 
the bottom of the trough to protect 
the cable. Cable trough is inexpensive, 
simple to install, flexible in awkward 
areas, and provides direct access to cable 
for inspection. New lines often can be 
run simply by laying a line in existing 
trough. This pin-type coupler is one of 
the important improvements made in the 
new Cope 70,000 series. 


Automatic Oscillograph. A 22-channel, 
automatic oscillograph has been announced 
by General Electric’s Instrument Depart- 
ment. Greater versatility of the new 
oscillograph, designated the PM-2/, is 
obtained by the accommodation for 1 
to 22 bifilar-type and 4 zero-trace galva- 
nometers. One bank of bifilar galva- 
nometers (11) can be replaced with as 
many as 60 wound-coil galvanometers 
for recording ON-OFF operations. The 
equipment can be converted easily to a 
portable, general-purpose oscillograph with 
paper speeds up to 500 feet per minute 
for use in stage testing. Another major 
feature of the PM-27 is the easy-access 
design, which permits simple maintenance 
of vital parts. 


Beltone’s Hearing Glasses. Hearing with 
two ears now is being offered to the hearing 
handicapped. With new hearing glasses 
by the Beltone Hearing Aid Company the 
direction of sound can be determined 
clearly, even in noisy situations, and receive 
sound in its full dimension. The Beltone 
hearing glasses, called Hear-N-See, con- 
sists of two separate and complete hearing 
aids built into the temples of the eye 
glasses. With true binaural hearing the 
hearing handicapped can participate in 
normal conversation with greater ease and 
confidence. 

Sounds of danger, such as screeching 
brakes or defective machinery, now can 
instantly be determined and_ evaded. 
The Beltone Hear-N-See instrument in- 
cludes all operating parts, including the 
receiver, in the temple of eye glasses. 
Each temple of the frame is equipped with 
a complete hearing aid circuit including 
three transistors, a mercury cell battery, 
printed circuit, microphone, and other 
components. Each side has volume con- 
trols which can be adjusted to the hearing 
ability of the ear it serves. 


Miniature Ruggedized D-C Millivolt- 
meter. A new, low-level d-c vacuum-tube 
voltmeter (VT'VM), small enough to be 
built into any equipment panel, reads 
from 500 microvolts to 300 volts d-c with 
an accuracy of 2 per cent of full scale. 
Designated model J, this addition to 
the Trio Laboratories incorporates a 
unique chopper amplifier circuit which 
offers exceptional stability over a wide 
range of environmental conditions. Ambi- 


(Continued on page 52A) 
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R & 1 E RESEARCH and DEVELOPMENT 


Looking out for your future—over the present high voltage 
horizon. That is the program of R&IE Research and Development. 
Here, we are determining factors associated with 500 Kv designs: 
—adequate and economical insulation, proper break distance, 
effective corona shielding, safe, dependable, all-weather opera- 
tion and general refinement of details. 


When your system operation indicates voltage levels beyond 
230 Kv, and even beyond 330 Kv, these data and our engineers 
are available for assistance in your planning. Send us your 
problem. 


R&IE SWITCHING EQUIPMENT 
DIVISION OF I-T-E CIRCUIT BREAKER CO., GREENSBURG, PA. 








Industry looks to 


RESEARCH 
- COTTRELL 


for high 


dust collection 


efficiencies 


POWER PLANTS 





CHEMICAL PROCESS 
AND STEEL INDUSTRY 











if maintain visually clean 
stacks at all times, industry 
is turning to the long ex- 
perience of Research-Cot- 
trell in the design and 
manufacture of highly 
efficient Cottrell Electrical 
Precipitators. We’ve spent 
40 years in solving such 
problems as nuisance abate- 
ment, cleaning gas for 
subsequent use and recover- 
ing materials of value. Write 
for illustrated bulletin 
describing a wide range of 
electrical precipitator 
applications. 


PULP AND PAPER INDUSTRY 








RESEARCH-COTTRELL, INC. 


A WHOLLY OWNED SUBSIDIARY OF RESEARCH CORPORATION 


Main Office and Plant: Bound Brook, N. J. 
405 Lexington Ave., New York 17, N. Y. + Grant Building, Pittsburgh 19, Pa. 


RC 137 


228 N. La Salle St., Chicago 1, Ill. * 111 Sutter St., San Francisco 4, Cal. 








6” x 10” plate 


i 3” x 3” plate 


440 Lexington Avenue 





ust 
oa 


Produced by vacuum process that insures uniform, 
high quality. 
sizes from tiny 1” square cells up to 12 x 16 inches 
Lowest forward voltage drop insures extra perform- 
ance plus longer life. 
formance data Free upon request. 


SYNTRON COMPANY 


il 
qs 


SYV7TRON 
SELENIUM RECTIFIERS 





Syntron Rectifiers are available in plate 


Complete catalogue and per- 


Homer City, Penna. 
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New Products 


(Continued from page 50A) 


ent temperatures of 71 C and line voltage 
changes as great as 40 per cent of nominal 
will not cause appreciable changes from 
room temperature readings. Designed for 
panel mounting by means of four self- 
locking threaded inserts, it is ideal for 
field tester use and for built-in monitoring 
and trouble-shooting operational equip- 
ment. For additional information write 
to J. S. Salz, Trio Laboratories, Inc., 
3293 Seaford Avenue, Wantagh, N. Y. 


Wiring. 
been 


Pressure plate back wiring has 
introduced by Harvey Hubbell, 
Inc., for faster, easier wiring at minimum 
installation cost which places emphasis 
on the security and safety of the connec- 
tion. This method provides time-saving, 
labor-saving convenience of modern back 
wiring plus the safety of a pressure plate 
screw connection. Fig. 1 shows how the 
Hubbell plate mechanism is 
designed. The stripped wire, when in- 
serted through the reinforced back wiring 
holes (Fig. 2), locates between the terminal 
plate and the pressure plate which, as the 
screw is tightened, pressure-grips the wire 
securely. Actually, the electrician has a 
choice of using back wiring or side wiring. 
He can either insert the wire through the 
back wiring holes and pressure-grip the 


pressure 


wire as the diagram indicates, or he can 
loop the wire around the side binding 
posts in the conventional manner. Both 
of these methods find practical application 
when a circuit needs to be extended. In 


such case, both back wiring and side wiring 
are utilized. The same binding screws 
anchor both the wires inserted through the 
back wiring holes and the extension wires 
looped around the side binding post, thus 
eliminating the need for extra splices. 
Fig. 3 illustrates pressure plate back 
wiring in extending a circuit. Hubbell 
is offering, free of charge, an actual pres- 


(Continued on page 56A) 
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CONDUCTOR 


SPACER 


This is a rod designed to prevent 
conductors from swinging together mid-span. 

As loads on many transmission and subtransmis- 
sion systems have increased, it has become steadily 
more important to prevent conductors from making 
contact mid-span, either from wind swaying or the 
magnetic effects of short circuits. 

To solve this growing problem, one of the larger 
electric companies some time ago turned to Lapp. The 
result is this simple porcelain rod (made in various 
lengths for various conductor spacing). It is grooved 


Lapp 
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at each end, to provide for attachment to conductors 
by ordinary tie-wire practice. 

Lapp’s contribution to this situation was imme- 
diate recognition of the problem involved, enthusiastic 
willingness to do something useful about it, and 
prompt performance once the decision was made. We 
like to believe that this type of alert and aggressive 
helpfulness is the spirit of the entire Lapp organiza- 
tion. It may be one of the reasons why so many users 
of insulators and high-voltage porcelain rely on Lapp 
for their special—and regular—requirements. 

Lapp Insulator Co., Inc., Le Roy, N. Y. 





WALKER SELENIUM RECTIFIERS 


INSTALL THEM — FORGET THEM 
Engineered for Extra Years of 
Pome ems >lom te’) 14 aa ee), \'s43-i le). 


LOW COST, QUIET, 
HIGHLY EFFICIENT, LONG LIFE 
NO MAINTENANCE 
Walker Selenium Recti- 
fiers are engineered and 
built to give extra years 
of service and inexpen- 
sive operation. They are 
highly efficient, have a 
power factor of 97% 
and a DC ripple of ap- 
proximately 4%. All 
Walker Rectifiers are 
low priced. Only the 
highest quality compo- 
nents are used. Any num- 
ber of rectifiers may be 
paralleled. Write for full 

details, today. 


< Walker.» 


THE WALKER DIVISION 
NORMA-HOFFMANN BEARINGS CORPORATION 
STAMFORD, CONNECTICUT 


NEW IDEAS 
NEW PRODUCTS 
NEW PROFITS 


in motors, transformers, rectifiers, condensers, 
switch controls, welding equipment, tools and 


measuring devices, etc., at the 


CERMAN INDUSTRIES FAIR 


in HANOVER, West Germany, April 29th-May 8th 


3,200,000 sq. ft. of business opportunities 


staged by four thousand exhibitors. 


For information, tickets, hotel reservations and 
FREE FACT-FILLED PAMPHLET 
call Wlisconsin 7-0727 or write the 


GERMAN-AMERICAN TRADE PROMOTION OFFICE 


350 Fifth Avenue New York 1, N. Y. 


Twenty-minute, 16-mm sound color film on the 
GERMAN INDUSTRIES FAIR available for group showing. 





Rubber Grommet 


Compression 
Nut ; 


FOR 

FLEXIBLE 
— CORDS 

& CABLES 


PROTECT EQUIPMENT 
...REDUCE MAINTENANCE 


@ Keep out water and dirt 

@ Prevent wire terminal strains 

@ Reduce insulation wear 

@ Provide high mechanical strength 
@ “Dress up” deluxe mechanisms 


Sizes ¥%-inch to 3-inch conduit, and 4- 
inch to 2%-inch cable. 


Sold nationally through authorized 


distributors. Write today for Bulletin. 


THE 
PYLE-NATIONAL 
SINCE 1897 raed.’ PANY 


WHERE QUALITY IS TRADITIONAL 


1378 N. Kostner Ave. Chicago 51, Ill. 


O4A Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Marcu 1956 





T MAGNETS 
d MBLIES 
for Wave Guides, avelg 4 


wave Tubes and Magnetrons 


a — 


* Made to your specifications 


* Any size, shape or coating 
required 


* Send us your drawings for 
quotation 


* Write for Bulletin GC-106 A 
on all Arnold Products 


ADDRESS DEPT. EL-63 


Visit us at the 
IRE SHOW 
Booths 146 to 150 
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sass WO Call handle 
ANY requirements you have 


The group of magnets illustrated above are indicative of the great scope 
of Arnold production in this field. We can supply these permanent 
magnets in any size or shape you may need; in weights ranging from a 
few ounces to 75 pounds or more; and with die-cast or sand-cast alumi- 
num jackets, Celastic covers, etc., as required. Complete assemblies may 
be supplied with Permendur, steel or aluminum bases, inserts and keepers 
as specified—magnetized and stabilized as desired. @ Let us handle your 
magnetron, traveling wave tube and wave guide permanent magnet 
requirements, or any other magnetic material specification you may have. 


WS Ww 996 


THE ARNOLD ENGINEERING (SOMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
AML General Office & Plant: Marengo, Illinois 
me DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave. 
SS Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 
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aes fo coal 


_.. HIGH FREQUENCIES 


= radio 
interference 
and 

field 
intensity* 


. MEASURING EQUIPMENT 


Stoddart RI-FIi* meters 
cover the frequency range 
14ke to 1000 mc 


VLF 
NM.-10A, 14kc to 250ke 
Commercial Equivalent of AN 


Very w frequencies 


VHE 

NM-30A, 20mc to 400mc 
Commercial Equivalent of AN 
Frequency range includes FM 
bonds 


UHF 

NM-50A, 375mc to 1000mc 
Commercial Equivalent of AN/URM-17 
Frequency range includes Citizens band 
and UHF color T 


eer coal 


STODDART 


Sturdy dependability, broad 
frequency range and a full com- 
plement of accessories fit this 
instrument's outstanding 
characteristics to an impressive 
variety of applications. Includes 
standard broadcast band, 


radio range, WWV, ship-to-shore, 


amateur and other communi- 
Battery power allows portable 
operation of the NM-20B. 

The ac power supply permits 
operation from 105 to 125 
volts or 210 to 250 volts ac at 
any frequency between 

50 cps and 1600 cps. Its 
versatile power requirements 
and special weather-proof con- 
field operation. 

devices available for use with 
the NM-20B include the loop 
matching impedances for con- 
unlimited usefulness in 


ollaadelamaelellomae Ma lier 


6644-B SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA - HOLLYWOOD 4-9294 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 





New Products 
(Continued from page 52A) 


sure plate contact assembly attached to a 
molded base so that customers can see 
and demonstrate this new wiring system. 
These free demonstration units may be 
obtained by writing Harvey Hubbell, 
Inc., Sales Promotion Dept., Bridgeport, 
Conn. 


Polyethylene Resin. A new polyethylene 
resin that produces unbreakable molded 
articles with greater rigidity, more wear- 
resistant surfaces, and higher gloss has 
been announced by Bakelite Company, 
Division of Union Carbide and Carbon 
Corporation. The new resin is Bakelite 
polyethylene DXM-103. The high gloss 
of this material is created by the resin’s 
excellent flow characteristics in the mold. 
The easy flow also eliminates flow lines 
characteristic of ordinary polyethylene 
molding materials. In the packaging 
field, it is expected to make possible the 
production of caps and closures with 
greater resistance to staining by chemical 
contents. This DXM-/03 is a_ dense 
material with improved tensile strength, 
increased surface hardness, improved resist- 
ance to staining, and slightly reduced 
permeability. 


Light-Weight, 8-Inch Television Picture 
Tube. The Radio Corporation’ of 
America (RCA) Tube Division has 
developed a compact 8-inch television 
picture tube, type 8DP4. The tube has a 
rectangular glass envelope, weights only 
3 pounds, and is less than 11-inches long 
Characteristics of the tube make it suitable 
for use in small-size television receivers, as 
well as in service monitoring instruments 
and in industrial television equipment. 
Its length has been reduced to 103/, 
inches by employing wide angle, 90- 
degree deflection. 


TRADE LITERATURE 


The 400 American Standards in the 
Electrical Field. A 60-page booklet which 
indexes and describes each American 
Standard in the electrical engineering 
area. It is designed to help the user and 
prospective purchaser find the applicable 
standard on the product in which he is 
interested. The booklet also gives briefs 
of each of the current International Electro- 
technical Commission recommendations; 
a listing of all projects under the juris- 
diction of the Electrical Standards Board— 
including officers, sponsors, and scopes of 
these projects. It also contains general 
information on the work of the American 
Standards Association, the Electrical Stand- 
ards, Board, and the International Electro- 
technical Commission. It explains how 
and why American Standards are de- 
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How well you know it—service entrance requirements 

have skyrocketed! More circuits needed! A greater variety 

of circuit combinations needed! This has been the 

—how to get the device with exactly the right co 

of circuits, when you need it. Now, Square D gives 
in fusible circuits! 


answer— Plug- 
Square D offers you two new basic devices, one with 
space for 28 circuits—the other, 40. Both devices have 4 


200 ampere main pullout. 
Boxes, interiors and fronts, 45 well a 
pullout types) are av 


s packaged plug-in 


units (plug fuse or 
from your Square distributor—right now! 
Write for Bulletin $D-36. Square D Company, 
6060 Rivard Street, Detroit 11, Michigan 


ask YOUR ELECTRICAL pisT 
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PROCESS OF 


The DA Li Cc ELECTRODEROSITION 


Used extensively throughout the 
Aircraft, Electronic, Electrical and 
Allied Industries for localized 
and ‘on site" plating. 


romium 
pper 
Germanium 
Gold 
Indibm 
lron 
lea 
Nickel 
Nickel (Black) 
Platinum 
Rhddium 
Sil r 


| e%eSnoy 
~OanunN 


y= 
Nn vproN 
on-—-OUW 


DALIC /METACHEMICAL auares + 


121 Leicester Ave., Toronto 18, Canada - BE. 3-2129 \ 


MARLANE DEVELOPMENT CO., INC. 


153 E. 26th, Street, New York 10, N.Y. MURRAY HILL 5-9427 


QUENCHED AT 


2000°F 


e If you have a part design that must withstand extremely 
high temperatures, chemicals, fumes, moisture; let a Uni- 
versal porcelain engineer help you. 

New Porcelain combination formulations including lithi- 
um, zircon and other minerals can provide basic features 
and long life never before imagined. The split ring insert 
(illustrated) is a lithium-porcelain formulation that with- 
stands quenching at 2000° F. That’s rugged service. 


Send your specs to Universal. 


THE UNIVERSAL (7; 


1560 E, FIRST STREET 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 
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Get convenience, 
economy and 
efficiency with 


CANNON 
POWER 
PLUGS 


Signal Corps 
Sealed Power 
Connector for 

Radio and Radar 


@ Easily engaged, using 
wing bladed screw 

e Easy to wire 

e@ Watertight and 
pressurized 


@ Pin or socket inserts 
for plugs or receptacles 


e Interchangeability of 
inserts of same size 


e@ Rugged construction 
. . Durable finish 


@ 10 and 20-amp. contacts 


e Built to Signal 
Corps Specs. 


Ask for 2E Bulletin 
and Battery 


AN2552 external power 
receptacle for aircraft. 


> 


External Power Connectors 
for Batteries, Engine Starting. 
For Aircraft, Oilfield 

and Other Industrial Uses. 


Cannon offers a wide 
variety of external power 
connectors for heavy 
equipment. M1 Plugs and 
receptacles approved by 
Underwriters’ Laboratories. 
Other types for battery 
connections, motors, etc. 





Connector Bulletin 
Please refer to Dept. 117 
CANNON ELECTRIC CO. 


3209 Humboldt Street, 
Los Angeles 31, Calif. 


[PLUS (fing 
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BAND PASS FILTER 


ai 
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ATTENUATION — DECIBELS 
oe 
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6 


,. neg te ee . 
15 4 i9 SE 
FREQUENCY - KILOCYCLES 
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ATTENUATION —DECIBELS 
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S$ 


600680 6 Ba 
FREQUENCY ~KILOCYCLES 


The above curves are representative of filters made 
for aircraft equipment manufacturers featuring very 
steep skirt response and high frequency. 


All filters are hermetically sealed in metal cases. 


A large variety of standard filters are available 
from stock for immediate delivery. 


Send for complete Transformer 
and Laboratory Test Instrument Catalogs 





For information or consultation with our engineering staff, write to: 


FREED TRANSFORMER Co., INC. 


1718 WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27, N. Y. 
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ty and Sub-Station Equipment 











electric utility and sub-station equipment with 
the services of a National Carbon brush specialist 
always available to help you in the final selection 


“National” brushes offer a complete line of proved 
grades to meet every condition of operation — stand- 
ard or special all through the mill and mine. 
Here, for example, are the grades recommended for for each unit. 


' i rrhdi 
S Ht || || 
RBINE 
PRIM Grade - C field excitation equipmen"- 
in A 
‘vod leaders 11 ‘ao anil 
ally recognize Grade SA-4542 eu . equip- 
Grade SA—45 DC excitation eq ~ 
A-45 for mos red to meet spec 


Grade Ss des may 
ment. Other Bra perating con 


SUB-STATION ROTARIES 
Grade 259 Grade SA-35 


Univers 
t standard L 
be requl 
ditions. 


Grade SA-45 


Standard grades, choice being determined by machine 
characteristics. 








Grade 3538 Grade N-4 
For unusual Service — light loads or severe load Swings. 











AC SIDE oF ROTARY EQUIPMENT 


Cophite grade 29 Cophite &rade 39 
e 


Dhite Slip-rin 
& formulat; : 
oO Current dean applied according 





Ow Curren; 
10n 


ana t 


i] 

anne | 

i] | | | ; | 
an | | iif rriadd 


iii 


Tail 


it] 


WITH VALUABLE EQUIPMENT, IT PAYS TO BE SURE — 
CONSULT A “NATIONAL” CARBON BRUSH SPECIALIST! 


The term “National”, the Three Pyramids Device and the 
Silver Colored Cable Strand are registered trade-marks 
of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY « A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, 
New York, Pittsburgh, San Francisco 


IN CanaDa: Union Carbide Canada Limited, Toronto 
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MODEL 20 VISUAL MONITOR 


For 


TRANSDUCER 
OUTPUTS 


TEMPERATURE PRESSURE VIBRATION FLOW 


RADIATION COLORIMETRY CURRENT VOLTAGE 


Does your data problem include any of the above? Or anything similar? 


The Model 20 Visual Monitor is a completely new concept in multiple data-point indication. 


Now you can observe and measure 24 separate data points, simultaneously. No Switching, 


no commutating, no time lag. 


Wherever a graphic display of several quantities will facilitate measurement and control, 


the Model 20 should be considered. 


Utilizing light-beam D’Arsonval 


galvanometers 


as the indicating elements, the Visual 


Monitor permits display of transducer output in an easy-to-interpret, graphic form. 


Let us hear from you. We would like to discuss your instrumentation problems with you. 


Century Electronics & Instruments, Inc. 
1333 No. Utica, Tulsa, Oklahoma 





WE CARRY IN STOCK 
ALL SIZES, ALL SHAPES @ 
ALL GRADES 


ALNICO 
PERMANENT MAGNETS 


Cast and Sintered 


CARBOLOY, 


Permanent Magnets 


EXPERIMENTAL OR PRODUCTION QUANTITIES 


call PERMAG 


For Prompt Attention 


Cetelog upon request 


ERMAG 


services include 


LENGINEERING 
- precision 
CUTTING 
_ precision 
GRINDING - 
mzt 
J MAGNE 


AUTHORIZED SALES AND SERVICE 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC CO 


PERMAG CORP. 


TAAFFE PL, BROOKLYN 5, N.Y. - Phone: MAin 2 


Please mention 











BISMUTH WIRE 
OPENS THE DOOR 
TO PROGRESS 
IN ELECTRONICS 


Do you know that 

Bismuth Wire is now 

made commercially? 
Bismuth Wire 


Changes __ resistance 
within magnetic 
fields of different 
intensities. 
Resistance varies in 
a straight line with 
Gauss pressure. 
Changes from 3 to 90 
times its normal 
resistance depending 
on temperature and 
Gauss pressure. 
Bismuth Wire offers 
possibilities to you. 
Write for information. 


UWA -WE ster .4 
ELECTRIC SUPPLY 
COMPANY 
444 Irwin Street 
Muskegon, Michigan 
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Trade Literature 
(Continued from page 56A 


veloped and describes the benefits to 
manufacturers, users, and the general 
public. Free as long as they last from the 
American Standards Association, 70 East 


45 Street, New York 17, N. Y. 


Heat Exchangers Catalogue. Users of 
shell and tube type heat exchangers will find 
a new 32-page technical catalogue, pub- 
lished by E. C. 
valuable 


Cooley Company, a 
efficient equipment 


catalogue 


guide to 
selection. This new 
carefully prepared 
understand curves and examples of heat 
exchange performance under varying field 
conditions. 


uses a 


system of easy-to- 


Also covered in the catalogue 
are reliable comparisons of the various 
types of shell and tube 
equipment. 
cal catalogue may be obtained without cost 
1186 


heat exchanger 


Copies of the Cooley techni- 


from the company’s main office: 
Folsom Street, San Francisco, Calif 


Bronze Alloys Booklet. W 
W Alloys, Inc., Division of Fansteel Metal- 
lurgical Corp., has issued a 32-page 
booklet, ““W W Premium Quality Alumi- 
num Bronzes.”’ Basic information on the 
properties, composition, and functions of 
aluminum bronze alloys are furnished 
Engineering data on each grade of W W 
aluminum bronze is contained in a 17- 
page section. A specification index chart 
identifies W W grades with various Govern- 
ment and Technical Societies’ specifica- 
tions. Also included are six pages of 
drawings and tables of machining recom- 
mendations, information on 
and metallurgical 


Copies of booklet number 


engineering, 
consultation services 
75.100-1 are 
W W Alloys, 
Detroit, 


available free upon request. 
Inc., 11673 Cloverdale 
Mich. 


Avenue, 


Design of Nickel Magnetostriction Trans- 
ducers. A new booklet entitled “Design 
of Nickel Magnetostriction 
has been issued by the Development and 
Research Division of The 
Nickel Company, Inc. 


Transducers” 


International 
The booklet sum- 
marizes practical experiments to guide the 
engineer toward a workable design in 
exploring new fields in the sonic and ultra- 
sonic regions. A magnetostrictive trans- 
ducer is used to convert electrical input 
energy to mechanical output 
mechanical input energy to electrical 
output energy. The booklet is available 
without charge by writing to the Readers 
Service Station, The International Nickel 
Company, Inc., 67 Wall Street, New York, 
a 


energy oO! 


McGill Catalogue. Technical and de- 
scriptive data on the Levolier line of elec- 
trical specialities are contained in a new 
52-page catalogue prepared by the Mc- 
Gill Manufacturing Company, Inc. The 
material has been grouped under three 
major headings: switches, lampholders, 
and lamp guards. Text descriptions of 


(Continued on page 606A) 
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Plug-in Connections for Power Distribution 


RECEPTACLES and PLUGS 


The most complete line of 
panelboard connectors 


Plug-in connections for test or produc- 

tion equipment are safe and sure with 
SOCKET RECEPTACLE & PIN PLUG Flexlab Receptacles and Plugs. Widely 
used for over thirty years by indus- 
try, government, schools and universi- 
ties in 


Sizes from 10 to 250 Ampere Capacity. Receptacle Cap 
in 14 colors — Plug handles in red or black. 


x 


@ Power Supply & Distribution Panels 
PIN RECEPTACLE & SOCKET PLUG @ Production Test Benches 


Sizes from 25 to 250 Ampere Capacity. Receptacle Cap ® Laboratory Test Apparatus 
in 14 colors — Plug handles in red or black. 


Flexlab Receptacles, Plugs and Bind- 

=a ing Posts have been continuously im- 

ctyeenereeneitia ¢ = proved in step with the rapid advances 
% = in the science of power switching and 
distribution. When designing or buying 

BINDING POSTS your next panel equipment be sure to 

specify Flexlab Receptacles, Plugs and 


Dead Front — Designed to bind spade lugs, solid or aoe 
Binding Posts. 


stranded wires. Accommodates standard banana plugs, 
and Plug Binding Post for stacking multiple connections. 


Sizes to 500 Ampere Capacity. NEW 1956 CATALOG 


*Flexlab is the registered trade name for custom built laboratory panels and test equip- Contains complete details for specify- 
ment made by the Standard Electric Time Company - Be 
ing or ordering Flexlab Receptacles 
and Plugs, Binding Posts. 


SEND FOR THIS FREE CATALOG TODAY 
fe The STANDARD ELECTRIC TIME CO. 
RECEPTACLES oe | 83 Logan St., Springfield 2, Mass. 


[] Please send me free Receptacles & Plugs Catalog 


Name 
Company... 
Street 

City 


Bi [_] Please have engineer call to discuss specific requirements — no obligation. 
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SCHEMATIC DIAGRAM OF SOLA CIRCUIT modified to supply regulated 
plate and filament voltages. Regulation on one stepped-up output and two 


stepped-down outputs is within +3°% for input variations of +13°;. Other 
units available regulate as close as +1°% for input variations of +15%. 


YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA: 





Closely Regulated Voltage Plus 
Transformer Step-Up or Step-Down with 
Sola Constant Voltage Transformers 


Today’s complex electrical and electronic equipment, 
with its narrow limits for adequate performance, makes 
a fixed level of input voltage virtually essential. There 
are many fine voltage regulators available for this duty 
alone. However, the Sola Constant Voltage Transformer 
delivers one-to-one, stepped-up, or stepped-down volt- 
ages closely regulated. One Sola unit may replace both 
voltage-regulating circuit or component, and conven- 
tional power transformer. 


The Sola Constant Voltage Transformer is a static- 


SOLA = 


magnetic voltage regulator. It offers many important 
advantages over other stabilizers which depend solely 
upon saturation of core materials for their regulating 
action; or electronic types employing tubes. 


To meet the exact requirements of many load devices 
or service conditions, Sola voltage regulators are avail- 
able in stock models, or custom designs in production 
quantities. Your Sola representative will be happy to 
provide you with information on their feasibility for your 
particular application. 


Write for Bulletin 5C-CV-170 
SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment ¢ LIGHTING TRANSFORMERS for All Types of Fluorescent 
ond Mercury Vapor Lamps. @ SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 ¢ NEW YORK 35: 103 E. 
125th St., TRofalgar 6-6464 © PHILADELPHIA: Commercial Trust Bldg., Rittenhouse 6-4988 © BOSTON: 272 Centre Street, Newton 58, Mass., 
Bigelow 4-3354 ® CLEVELAND 15: 1836 Euclid Ave., PRospect 1-6400 @ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 @ LOS ANGELES 23: 
3138 E. Olympic Blvd., ANgelus 9-9431 @ TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities 
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Crystal structure models. 


row: cristobalite, potassium dihydrogen phosphate, diamond, pyrites, arsenic. 


Top row, left to right: cuprite, zincblende, rutile, perovskite, tridymite. Second 


Third row: caesium chloride, 


sodium chloride, wurtzite, copper, niccolite. Fourth row: spinel, graphite, beryllium, carbon dioxide, alpha-quartz. 


FROM ATOMS TO 


Research at Bell Telephone Lab- 
oratories ranges from the ultimate 
structure of solids to the radio sig- 
nals from outer space. Radio inter- 
ference research created the new 
science of radio astronomy ; research 
in solids produced the transistor and 
the Bell Solar Battery. 


Between atoms and stars lie great 
areas of effort and achievement in 
physics, electronics, metallurgy, 
chemistry and biology. Mechanical 
engineers visualize and design new 
devices. Mathematicians foreshadow 
new communications techniques. 


Despite the diversity of their tal- 
ents, Bell Laboratories scientists and 
engineers have much in common. A 
habit of teamwork channels these 
talents into great communications 
advances. These men have developed 


Models of the atomic patterns in solids 
help Bell Laboratories scientists visualize 
their electrical behavior. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH « LARGEST INDUSTRIAL 
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STARS 


the world’s finest telephone system. 
In doing so, many have become lead- 
ers in their fields. Opportunities for 
achievement await properly qualified 
scientists and engineers at Bell Tele- 
phone Laboratories. 


4% 
‘ 


Directional antenna used by Karl G. Jansky 
in discovery of stellar radio signals at Bell 
Telephone Laboratories in 1932. 
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For Greatest Reliability 


Pa Ze 


‘ : ees oe ? 
10 times more microwave pow 





ey WITH PHILCO! Ten times 


more transmitter power in Philco 
CLR-7 Microwave systems... witha 
degree of performance and reliability 
never before attained in microwave 
equipments. 

Heart of the Philco system, the 
‘Power House”’ Klystron, generates a 
full watt of power (10,000 watts ERP) 
in the preferred 6000-7500 mc band. 

This Philco CLR-7 Microwave power 
results in a received signal 10 times 


stronger—a higher safety margin toover- 


come adverse propagation conditions. 


PHILCO 


CHICAGO 11, ILLINOIS 
666 Lake Shore Drive 


SAN FRANCISCO 3, CALIF. 
1355 Market St. 


) A A - . re ’ 
LUO ANGELES £0, CALIF. 


10589 Santa Monica Blvd. 


WASHINGTON 6, D.C 
744 Jackson Place, N.W. 


\ 


/ 


Philco CLR-7 Microwave equipment 
can be installed in minimum space... 
employs reliable, long-life tubes, a 
positive frequency control system and 
is completely compatible with existing 
wire line and two-way radio facilities 
and with any type multiplex equipment. 

Get complete data on CLR-7 Micro- 
wave equipment. Let Philco help in the 
planning of your system. Philco main- 
tains a staff of microwave specialists 
who are experienced system and field 
engineers. Call a Philco field representa- 


tive or write Philco, Dept. EE, today. 





REGIONAL SALES OFFICES 


eye aie), Wy ame), |(@) 
Talbott Bldg. 


DALLAS 1, TEXAS 
201 Southland Life Bldg. 
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the “Long Haul”’ 












you advantages like these: 


@ 160% greater maximum hop distance 
Fewer microwave relay stations 


@ 10,000 watts effective radiated power— 


Philco ''Power House”’ Klystron 
provides the highest equip- 
ment power output available 
in the preferred 6000-7500 


megacycle band 





PHILCO CORPORATION 


t and 
nnn Philadelphia 44, Pennsylvania 


ndustrial Division 


In Canada: Philco Corporation of Canada Ltd., Don Mills, Ontario « In Europe: Philco Corporation, Paris, France. 








50% smaller antennas al f 
@ Reduced tower installation costs bs a : 
—@ 10 db additional signal safety margin . 
Philco CLR-7 Microwave re- ry 
peater ... rugged! compact! a 
a, 
reliable! Built to provide con- Po 
tinuous, trouble free service sii es 
over short or long hauls. , , oney 


* 











Noise Free 
A. Cc. Power! 


NEW CURTISS-WRIGHT 


DISTORTION ELIMINATING 
VOLTAGE REGULATOR 


@ Reduces typical power line distor- 
tion to less than 0.3% 

@ Furnishes 1.4 KVA of distortion-free 
power 
Electronically regulates 115 V out- 
put to +1% 
Recovery time less than 1/50 cycle 
Provides additional 4 KVA of +1% 
electromechanically regulated 
power 
Electromechanical time constant 
only 0.6 seconds 
Electromechanical regulator, unlike 
usual magnetic voltage stabilizer, 


introduces no distortion or phase 
shift 


Here at last is the ideal solution to the 
disturbing problem of harmonics and 
low frequency noise appearing in 
115 V., 60 cps power sources. In one 
compact package, every laboratory 
can now obtain both 


1) distortion-free, regulated power 
when needed, and simultaneously 

2) a large supply of electromechan- 
ically regulated power for applica- 
tions where normal line distortion is 
tolerable. 


In addition to its general laboratory 
utility, this instrument is ideally suited 
for preventing instability and inac- 
curacy in a.c. computer system null- 
ing operations. Many other applica- 
tions. 230 V. model also available. 
Immediate delivery. $1,689 f.o.b. 
Carlstadt, N. J. Write for details. 


Component & Instrument Department 


TRONICS DIVISION W 


CURTISS-WRIGHT 


CORPORATION + CHRUSTADT 
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AIEE 
TRANSACTIONS 


Volume 74 of the 1955 Transactions 
containing all the technical papers 
approved by the Technical Committees 
which were presented during the year 
will be ready for distribution in April. 


The Transactions are a complete record 
of advancement in the art of electrical 
engineering during the year. 


This volume in three parts, each bound 
in cloth, size 8'/, & 11'/2, contains 430 
papers, 2,766 pages, including dis- 
cussions. Each part is _ separately 
indexed by subject and by authors. 
Annualsubscription prices are asfollows: 


Prices 





Non- 
Member member 





Part I Communica- 
tion and Elec- 


tronics $3.00 $6.00* 


Part II Applications 
and Industry $3 .00 


Part III Power Ap- 
paratus and Sys- 
tems $3 .00 


$6 .00* 


$6 .00* 


All three parts each 


separately bound $9.00 $12.00** 


Any two parts each 


separately bound $10 .00** 


* Subscription price and 75 cents 
extra for foreign postage both payable 
in advance in U. S. currency. 


** Subscription price and $1.00 extra 
for foreign postage both payable in 
advance in U. S. currency. 


Discounts 25% of above nonmember 
prices to Colleges and Public Libraries: 
Publishers and Subscription agencies 
15% of above nonmember prices. 


Order now—the Edition is limited. 


Send all orders to: 


Order Department 


AMERICAN INSTITUTE 
OF 
ELECTRICAL ENGINEERS 


33 West 39th Street, 
New York, N. Y. 











Trade Literature 
(Continued from page 60A) 


each Levolier unit covers its recommended 
uses, advantages, and method of opera- 
tion. Photographs illustrate features of 
construction and operation, andschematic 
wiring diagrams show the various switch- 
ing arrangements available. Copies may 
be obtained by writing to McGill Manu- 
facturing Company, Inc., Electrical Divi- 
sion, Valparaiso, Ind. 


Sound Systems. The David Bogen Com- 
pany, Inc., has published a 24-page reprint 
of a series of 3 highly informative articles 
covering the fundamentals of sound sys- 
tems operation and installation. ‘What 
You Should Know about Sound Systems,”’ 
was prepared as a primer for those with 
little previous knowledge of sound, and 
clearly presents basic facts on amplifiers, 
microphones, speakers, impedance match- 
ing, systems planning, as well as installa- 
tion practices. For those responsible for 
the selection and installation of sound 
equipment, this booklet will serve as a 
valuable guide. Copies of the 24-page 
reprint are available from David Bogen 
Company, Inc., 29 Ninth Ave., New York, 
N. Y., for ten cents per copy. 


Industrial Fan Catalogue. A new 72- 
page illustrated catalogue, Bulletin 5,306, 
describing the new series 706 industrial 
fans which provide complete full-range 
coverage of industrial air and material 
handling requirements is now available 
from American Blower Corporation, 
Detroit 32, Mich. ‘The catalogue describes 
the features of the new fans. A special 
section describes the new packaged indus- 
trial fan, a completely self-contained unit 
complete with fan, motor, and drive unit 
Rating table terminology, ordering data, 
and operating limits are discussed. 


Wire and Cable Booklet. Suggested 
rubber compounding formulas for insulat- 
ing wire and cable are given in a new 
booklet prepared by the Naugatuck 
Chemical Division, United States Rubber 
Company. The booklet also gives the 
properties of rubber chemicals made by 
The 32- 
page illustrated booklet may be obtained 
without charge by writing to the Rubber 
Chemical Sales Department, Naugatuck 
Chemical Division, United States Rubbe1 
Company, Naugatuck, Conn. 


the division for this application. 


Andrew Catalogue. Andrew Corpora- 
tion, designers and manufacturers of 
antennas, antenna systems, and _trans- 
mission line, has announced publication of 
a 100-page catalogue containing product 
description and engineering data of over 
500 of their products. System engineering 
data and related information that engi- 
neers specializing in this field of electronics 
will find informative covers some 20 pages. 
The catalogue is available upon request 
from the Andrew Corporation, 363 East 
75th Street, Chicago, IIl. 
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We make our own Shown above is VICTOR’S 800,000-volt impulse generator 


in our modern electrical laboratory. This unit, together 


with VICTOR’S complete mechanical and electrical test 
facilities, enables our engineers to simulate the 

most extreme service conditions. 

Included in this unit are a remote controlled gap spacing 


mechanism, an oscillograph for showing wave forms visibly 
H ” -i - 
to give you on the screen of a cathode ray tube and a 4” x 5” camera for 


recording these waves on film for observation and study. 


| N Ss U he AT Oo R Ss One more reason why VICTOR gives you insulators 


that last—that are design-tested to withstand lightning and 


that last other adverse service conditions. VICTOR’S modern 


plant, engineering and research facilities are unsurpassed in 
the field. You just can’t buy better insulators! 


SPECIFY 
| Sabb abbat-lo Me ado} aol-)t-b6 a) 


Insulators! 


VICTOR INSULATORS DIVISION 
a i T-E CIRCUIT BREAKER C 
VICTOR, N.Y. 


Low and High Voltage Pintypes « Suspensions + Guy Strains 
Spools « Switch and Bus Insulators » Custom Designed Porcelain 
Insulator Hardware 


“BETTER INSULATORS THROUGH RESEARCH’’ 
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STOP 


GUESSING ST Vie) LT 30 Standard 


START 
SAVING! POWER U. L. Approved 


RECTIFIERS Models 


ae 


Chronologically 
records actual 
on-and-off time 
by duration. 

: Mag-Amp Control 


Gives — ‘ 
time-study data 
per operation. , Stable, Fast 
Establishes true te. 
: : cost accounting. , 15 to 1500 amps 
gives complete production 


data continuously . . . automatically fom hs atten 


repairs, maintenance. 


ee 


Now get complete, accurate, 
documented production data on ' Gives total operating 
‘ : ‘ . time of machine, 
any machine, process, operatien, ™\ feed or belt-line. 
Eliminates costly, inaccurate spot- i Stes ® Stationary or Mobile Types 
ae hie “tt ows ability to staat — 
checks, time studies. anticipate equipment fe © For Hangars, Air Fields, Missiles 
servicing. * 

— @ For Factories and Labs 


tape. Uses no ink. No maintenance. " Write for interesting information on STAVOLT RECTIFIERS 
Thousands in use in large and small plants. — 


Write for brochure “A’’ and list of users. M Cc S oO L P | N = ce H we l S T | E CORP. 
i } : 27th Year of Rectifier Manufacturing 

STANDARD INSTRUMENT CORP. wwe 3410 W. 67th St., Los Angeles 43, California 
S/RUS 


DIVISION OF HEAT-TIMER CORPORATION 
657 BROADWAY + NEW YORK 12, N.Y. 


TR-+T records on continuous 4-month 











AIEE REPORTS 


These publications are proposals for new standards or test codes, or revisions of present publications, which are in 
the formative stage. They are made available without cost, so that all interested individuals may obtain them for 
study and comment, thereby supplying practical experience in their use before submission for adoption. 


1A General Principles for Rating of Electric Apparatus for Short-Time Intermittent or Varying Duty 
(September 1941) 


1C Test Code for Evaluation of Systems of Insulating Materials for Random-Wound Electric Machin- 
ery (January 1954) 


Application Guide for Grounding of Instrument Transformer Secondary Circuits and Cases 
(March 19! 





Guide oe Operation and Maintenance of Dry Type Transformers with Class B Insulation (October 
1952) 


Insulation Maintenance Guide for Large A-C Rotating Machinery (May 1954) 

Test Procedure for Evaluation of the Thermal Stability of Enamelled Wire (October 1955) 
Induction Motor Letter Symbols (January 1956) 

Guide for Specification of Electronic Voltmeters (April 1955) 

Guide for Specification of Signal Sources (April 1955) 

Guide for Specification of Cathode-Ray Instruments (April 1955) 

Test Code for Carbon Brushes (October 1953) 

Test Code for Power Factor Testing of Power Transformers (January 1955) 

Test Code for Power Factor Testing of Distribution Transformers (October 1955) 

Test Code for Direct-Current Carbon-Pile Voltage Regulators for Aircraft (April 1955) 


Application Guides for: Ground-Fault Neutralizers; Grounding of Synchronous Generater 
Systems; and Neutral Grounding of Transmission Systems (October 1954) 


Guide for Evaluating the Effect of Solar Radiation on Outdoor Metal-Clad Switchgear (October 
1955) 


& American Institute of Electrical Engineers 
33 West 39th St., New York 18 
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ROCKBESTOS 
VARNISHED- 
CAMBRIC CABLE 


Quality Engineered to Provide Superior Performance 


NOTE THESE UNUSUALLY HIGH STANDARDS FOR VARNISHED-CAMBRIC TAPES 
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Rockbestos VC tapes are made to our own exacting 
specifications which incorporate all the requirements called 
for in all IPCEA Standards. 


PLUS 


A special surface treatment applied to insure that the tape will 
wrap properly to provide uniform dielectric strength and good 
bending characteristics in the completed cable. 


More rigid tape thickness requirements to insure uniformity 


of cable diameters. 


Rockbestos special Surface Hardness Test, not found in industry 
standards, insures varnish film that will not become damaged in 


processing or handling which the cable may get in service. 


Controlled methods of application of tapes avoid overstress of tapes 
assuring uniform dielectric insulation throughout the 


entire length of the cable. 


Add to this thirty years of know-how in the application of VC tapes 
for high temperature application on Rockbestos AVC cables and 


you have a VC cable that insures trouble-free operation and long life. 


Rockbestos Braided Varnished-Cambric cables are stocked in 600 volt 
and 5,000 volt ratings for immediate delivery. 


ROCKBESTOS 
PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


NEW YORK + CLEVELAND «+ DETROIT + CHICAGO «© PITTSBURGH « ST. LOUIS « LOS ANGELES 
OAKLAND, CALIFORNIA . NEW ORLEANS 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 


12 times $120.00 





AIRPAX PRODUCTS CO. 
Development Division 
Specialists in the 
Design and Manufacture of 
Unusual Transformers and Relays 


Middle River Baltimore 20, Md. 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations—Reports— Design 
Procurement—Field Engineering 
Domestic and Foreign 


74 New Montgomery St., 
San Francisco 5, Calif. 


MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 








BLACK & VEATCH 
Consulting Engineers 
Electricity— W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


JACKSON & MORELAND, INC. 


Engineers and Consultants 


Design and Supervision of Construction 


Reports— Examinations— Appraisals 
Machine Design—Technical Publications 
BOSTON NEW YORK 


Consult 
Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 
owe 








DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 

Industrial Problems 
Industrial Plants—Grade Separations 
Railroads—-Subways—Expressways 
Tunnels— Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, IIL. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


q CONSULT THIS DIRECTORY 
when in need of specialized 


engineering service 


FRANCIS W. RINGER 
ASSOCIATES 
Consulting Corrosion Engineer 


7 Hampden Ave. MOhawk 4-2863 
Narberth (Suburban Phila.) Pa 








Electrical Testing 
Laboratories, Inc. 


Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 

and field investigations. 


2 East End Avenue at 79th St., New York 21 


THE KULJIAN CORPORATION 


Engineers @ Constructors ¢ Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility e Industrial e Chemical 
1200 NO.BROAD ST., PHILADELPHIA 21, PA. 


SANDERSON & PORTER 


CONSTRUCTION 
REPORTS SURVEYS 


New York New York 








TRANSISTOR ENGINEERING 
S. Moskowitz D. D. Grieg N. J. Gottfried 
Product Transistorization, Complete Service in 
consulting, research, development and pro- 
duction on transistor circuitry, products and 
instruments. 


Electronic Research Associates, Inc. 
67 East Center Street, Nutley, N. J. 
NUtley 2-5410 


PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical ® Mechanical 
" Structural ® Civil 


0” Thermodynamic ® Architectural 


“FIRST NATIONAL BANK BUILDING 


Pittsburgh 22, Pennsylvania 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 








FREDERICK RESEARCH CORP. 
BETHESDA i4, MARYLAND 

Tel: Washington, D. C., OLiver 4-5897 
Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting Art Work 
Offset Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF-UHF Tuners and Circuits, Missiles 
Electromechanical Systems and Duenanaae 


N. A. LOUGEE & COMPANY 
Engineers and Consultants 


REPORTS—APPRAISALS— DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


The J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 











HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 
Design, Development and Manufacture 
of menee Chokes, Etc. 


for the 
Electronics, Industrial and Allied Fields 


90 Magnolia St., Westbury, L.I., N.Y. 
WE-7-2933 








MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 
Specialists in the Design and 
Development of Electronic Test Instrument 


Boonton, N. J. 








PROFESSIONAL SERVICES 


over a wide range are offered 


by these cardholders 
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Boeing engineers find 


Chis model of a supersonic airplane de 
sign was dropped at extreme altitude from 
a B-47 Stratojet. 
vealed the characteristics of its supersonic 


Telemetered data re 


flight to destruction at the earth’s surface. 
This is just one example of Boeing 
Wichita’s continuing development of ad 
vanced aircraft and associated systems. 

At Wichita research and development 
programs are expanding rapidly. Labora- 
tory space has been quadrupled and many 
other new engineering facilities have 
been added to keep pace with increasing 
emphasis on technical dev elopment. At 
both of the company’s plants, Seattle and 
Wichita, the increased scope and magni- 
tude of this development effort is creating 
additional and excellent career opportu- 
nities for electrical engineers. 

This means there is a real challenge 
for you in one of Boeing’s design, research 
or production engineering programs. 


Marcu 1956 


rewarding jobs 


\mong the interesting assignments for 
electrical engineers at Boeing are airframe 
electrical systems, instrumentation guid 
ance systems and associated servomecha 
nisms, radar systems and antennas, air 
borne communication and data processing 
equipment. Working in tight-knit teams 
provides self-expression and recognition. 

Boeing engineers are working now on 
future airplanes and missiles that will 
maintain the standard of tec 
periority established by the B-47 medium 
bomber, the B-52 intercontinental 
bomber, the BOMARC IM-99 pilotless 
interceptor, the 707 jet transport and the 
KC-135 jet tanker-transport. 


nical su 


Recognition of professional growth is 
coupled with career stability at Boeing — 
twice as many engineers are now em- 
ployed by the company as at the peak of 
World War II. They enjoy a most liberal 
retirement plan. How would you like a 





in Wichita, Seattle 


satisfying, creative job with the pick of 
the engineering profession? There may 
be one waiting for you in the progressive 
communities of Wichita or Seattle. 


R. J. B. HOFFMAN, Administrative Engineer 
Boeing Airplane Co., Dept. E-49, Wichita, Kansas 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. E-49, Seattle 14, Wash. 


If you want further information on the advan- 
tages of a career with Boeing, please send cou- 
pon to either of the above addresses 


Name 


College(s) Degree(s) Year(s) 
Address 


City 


BSOEMNG 


Aviation leadership since 1916 


SEATTLE, WASHINGTON WICHITA, KANSAS 
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Engineers 


HOW INCREASED 
SYLVANIA SALES 





HELP YOU 
AS AN ENGINEER 


Sylvania has quadrupled its 1947 sales 

and is expanding rapidly. We plow back 

into research and engineering an unusually 

high percentage of each year’s income; it rates 

with the highest figures in industry today. These increases 
make for a broader based engineering while adding engi- 
neering management...creating unusual opportunities for 


men of talent. 


At the base are recent college graduates with little or no 
experience. Filling in the essential positions of research 
direction, supervision and testing are engineers with expe- 
rience and proven ability in their specialized fields. 


Increasing our overall research constantly creates open- 
ings. These openings lead eventually to far greater re- 
sponsibility either in engineering management or research 
specialties. Top engineers are key men in creating new 
and better products that open new markets to Sylvania. 


There are openings now for experienced men at Sylvania. 





WALTHAM Laboratories 





Majors in E.E., M.E., Math, 

Physics. Research & Development 

experience m— 

Avionics 

Countermeasures 

Systems Analysis 

Transistor Applications 

Noise Studies 

Antenna Res. & Dev. 

Systems Development 

Mechanical Design 

Miniaturization 

Digital Computer 
Circuits & Systems 

Circuit Designs 

Shock & Vibration 

Technical Writing 

Missile Analysis 

Missile Systems 

Radar Research & Development 

Missile Guidance & Ground 
Equipment Analysis 

Systems Evaluation Operations 
Research 


BUFFALO Engineering 
Laboratory 


Majors in E.£., Math or Physics 
Experience in Advanced Develop- 
ment and Product Design 





Information Theory 
Advanced Circuit Design 
VHF-UHF Systems Design 
& Evaluation 
Logical Circuit Design 
Mathematical Analysis and/or 
Numerical Computation 
Pulse Techniques 
Data Processing Devices 
Magnetic Amplifier Techniques 
Servo Techniques & Applications 
Digital Computer Design 
Control Circuits & Devices 








INTERVIEW & RELOCATION EXPENSES 
WILL BE PAID BY SYLVANIA 
Sylvania provides financial support for 


advanced education as well as liberal in- 
surance, pension and medical programs. 








Please forward resume to: Professional Placement Supervisor 





CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line, 
minimum 5 lines, maximum 30 lines. Sale and 
purchase of used machinery etc., $2.50 per line, 
not available to dealers. Address orders to: 
Classified Section, ELECTRICAL ENGINEER- 
ING, 500 Fifth Avenue, Suite 13, New York 36, 
N.Y. 


When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 





Positions Wanted 


ENGINEER-BSEE-POWER—35, family, supervisor 
Eastern utility, distribution design and operation, 
transmission steel design, engineer supervision. Desire 
ermanent position with utility or consultant. Prefer 
outh Carolina, Georgia, Florida. Box 418. 


Positions Open 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are now available at a university in the South- 
east. Instructors required for September, 1956, $4000- 
4800; graduate assistants (M.S. in twelve months), 
$110 per month, tuition-free. Write Box 356. 


TEACHING POSITION for September, 1956 available 
at university-associated college of engineering near 
Chicago. Small congenial faculty, suburban location 
Prefer individual concentrating in electrical power and 
machinery. Salary and rank commensurate with 
experience. Box 390. 


SALES ENGINEERS—Excellent career opportunities 
for men with a minimum of six years equipment oper- 
ating, layout and maintenance in telephone industry 
Degree in Electrical Engineering desirable. Salaries 
commensurate with education and professional history. 
These positions offer unlimited opportunities for per- 
sonal growth and development. Send complete resume 
to Box 395. 


PRODUCTION ENGINEER—needed by fast growing 

manufacturer of air cooled and liquid transformers in 

sizes up to 2000 KVA. Unlimited opportunity for ad- 

vancement. Reply stating age, education, experience, 
personal particulars and minimum salary expected 
Ox 


TRANSFORMER DESIGN ENGINEER—needed by 
medium size fast growing manufacturer of air cooled 
and liquid transformers up to 2000 KVA. Unlimited 
opportunity for advancement. Chicago area. Reply 
Stating age, education, experience, personal particulars 
and minimum salary expected. Box 398 


ELECTRICAL DRAFTSMAN—needed by fast grow- 
ing manufacturer of air cooled and liquid transformers. 
Chicago area. Reply stating age, education, experience, 
personal particulars and minimum salary expected 
Box 399. 


MACHINE DESIGN ENGINEER—Opportunity for 
graduate electrical engineer to join leading manufacturer 
of AC electrical power apparatus. Position offers 
negotiations, design, test analysis, special projects and 
development of AC induction machines up to 5000 H.P., 
also DC exciters. Up to 5 years related experience pre- 
ferred. Salary commensurate with education and ex- 
perience. Reply stating age, education, experience and 
personal data. Location: Minneapolis. Box 405 


PROFESSORS AND INSTRUCTORS to teach 
courses in electrical machinery, or communications and 
electronics at Junior, Senior and Graduate levels for 
Fall 1956. Ph.D. or P.E. preferred. Write Chairman, 
Department of Electrical Engineering, the City College, 
New York 31, N.Y. 


ASSOCIATE PROFESSOR specializing in Servo- 
mechanisms, Computers or Machinery. Ph.D. pre- 
ferred but will consider M.S. with equivalent back- 
ground. Contact Chairman Electrical Engineering 
Department, University of Kansas, Lawrence, Kansas. 


Erling Mostue | E. F. Culverhouse 
100 First Ave. } 175 Great Arrow Ave. 
Waltham, Mass. | Buffalo 7, N. Y. 


Your inquiries will be answered within 2 weeks 


RESEARCH ENGINEER to supervise research and de- 
velopment work in electrical laboratory of a small elec- 
trical manufacturing company specializing in electro- 
mechanical audio frequency responsive devices, and in 
the measurement of a-c and d-c characteristics of dielec- 
trics. Graduate degree in electrical engineering neces- 


sary, preferably in high-voltage engineering, and with a 
sound mathematical background. Location Philadel- 
phia. Box 406. 


ASSISTANT OR ASSOCIATE PROFESSOR with 
SVLVANIA ELECTRIC PRODUCTS INC. Ph.D. graduate and undergraduate courses in communi- 
cations circuits or computers income for research and 
teaching $8,000-$11,000. Ideal high altitude climate. 
Use Box 407. 
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SALES ENGINEER WANTED TO MANAGE—New 
full time sales office of prominent West Coast manufac- 
turer of Regulated Power Supplies. All replies kept con- 
fidential. Write Box 408, 


ASSISTANT CHIEF ENGINEER, 30 to 40, with 
minimum of 10 years experience in small motor design, 
shaded pole, and permanent split capacitor. Excellent 
opportunity for future with fastest growing Motor 
Manufacturer in the West. Box 409. 


GRADUATE ELECTRICAL ENGINEER—to be 
responsible for the development of small AC generators. 
Previous theoretical and practical experience in this 
field is required. Age 35 to 50. Plant location—mid- 
west. Box 410. 


SEMICONDUCTOR SPECIALISTS—Openings for 
interesting research and product development work in 
the field of semi-conductors. Prefer direct experience 
with germanium and silicon crystal growth and manu- 
facture of such devices as diodes, rectifiers, and transist- 
ors. Also openings for research and product develop- 
ment of thermistors—direct experience required. Ex- 
cellent working conditions in new laboratory of midwest 
manufacturer of electrical components. Opportunity 
for complete responsibility. Reply in detail giving ex- 
perience, training, and salary desired. Box 411. 


INSTRUMENT SALES ENGINEER—Large and 
fast-growing industrial instrument manufacturer has 
openings for electrical, mechanical, or chemical engi- 
neers in Detroit, Boston and Los Angeles. Good oppor- 
tunities for advancement. Should have sales aptitude 
with strong engineering background. Box 412 


ELECTRICAL ENGINEERS—Minnesota Manufac- 
turer of large Synchronous and Induction Motors and 
Controls has Sales Department positions available for 
Electrical Engineers. Opportunities are open for both 
home office sales work and outside sales engineering; 
or will train men at home office for future outside sales 
work. There will be advancement for enterprising men 
in both opportunities. Initial responsibility commen- 
surate with experience. An excellent opportunity for 
Electrical Engineers preferring stimulating sales work. 
Home office—Minneapolis, Minnesota. Write Box 413. 


INSTRUMENT APPLICATION ENGINEER 
Prominent industrial instrument manufacturer has open- 
ing in Application Engineering Department for graduate 
engineer with several years instrumentation experience 
with user or manufacturer. Should have sales aptitudes 
and initiative. Interesting assignments. Coovaed 
medium size New England town. Box 414 


INSTRUCTOR IN ELECTRICAL ENGINEERING 
Department of Electrical Engineering, University of 
Cincinnati, Cincinnati 21, Ohio. Prefer some teaching 
or industrial experience. Opportunity for graduate 
study 


ELECTRONICS ENGINEERS. Significant and chal- 
lenging programs in the fields of radar-aeronautical 
systems and electronics. The programs are categorized 
in a broad sense as follows: ADAR-AERONAUTI- 
CAL SYSTEMS—All-weather flight systems, radar con- 
trol systems for airplanes and missiles, flight control 
computers, and specialized radar research ELEC- 
TRONICS AND AUTOMATIC COMPUTERS— 
Communications and data processing systems, electronic 
computer techniques, flight simulators, with detailed 
electronic circuitry involved in these applications 
Cornell Aeronautical Laboratory, Inc., 4467 Genesee 
Street, Buffalo 21, New York 


ELECTRICAL ENGINEER—Graduate—Design or 
test experience—electric motors and generators. Out- 
standing opportunity in fast growing company for ag- 
gressive engineer interested in design work. Previous 
design experience desirable but not necessary. Should 
have electrical test experience on motors and generators. 
Salary open Engineering department located in 
Wausau, Wisconsin—center of Northern Wisconsin 
vacation region. Facilities for all summer and winter 
sports. Manufacturing plants located in Wisconsin, 
Illinois and Pennsylvania. Please contact Mr. R. A 
Sawyer, Electrical Engineer, Marathon Electric Manu- 
facturing Corporation, P. O. Box 630, Wausau, Wis- 
consin. 


STAFF OPENING IN ELECTRICAL ENGINEER- 
ING FALL 1956 at Colorado Agricultural & Mechani- 
cal College, Fort Collins. Healthful climate, good 
schools. Expanding department, new building Fall of 
1957. Nine months appointment, rank and salary com- 
mensurate with qualifications. Write Head, Department 
of Electrical Engineering. 


ENGINEER—ELECTRICAL DESIGN Excellent 
opening in expanded Design Department of leading 
control company. Design of electro-magnetic switches 
and controls to 1,000 amps. Permanent position. Op- 
portunity for technical and financial advancement. 
Send resume to G. Franklin, Automatic Switch Com- 
pany, 391 Lakeside Avenue, Orange, New Jersey. 


SENIOR DESIGN ENGINEER—5-10 years experi- 
ence—knowledge of fuses preferred. Salary open. A 


real creative opportunity. Reply Burndy Engineering 
Company, Norwalk, Connecticut. 


(Continued on page 74A) 
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The. design of modern communica- 
tions equipment involves much 
more than electronic circuit tech- 
niques. Keyboards and coders are 
often required to translate the in- 
telligence to be transmitted into 
“machine language’ Recording and 
reproducing devices store intelli- 
gence until the equipment is ready 
to transmit it, or hold received intel- 
ligence until it can be translated back 
into human language by a printer 
or other output display device. 
The combination of such me- 


ADVANCED 


chanical and electro-mechanical 
techniques with the better known 
but still developing techniques of 
electronic circuit design makes of 
modern communications a much 
broader field than is commonly rec- 
ognized. When such technical tools 
are used to provide equipment 
tailored to our rapidly improving 
understanding of propagation phe- 
nomena and information theory, 
the resulting practical improve- 
ments in communication are some- 
times little short of spectacular. 


The growing communications 
activities of The Ramo-Wooldridge 
Corporation have generated 
requirements for additional 
physicists and engineers with 
substantial experience in research, 
development, or production 
engineering on advanced airborne 
and ground-based ... 
« Communication, Navigation and 
ECM Systems 


« HF, VHF, and UHF Transmitters 
and Receivers 


* Precision Electro-Mechanical 
Equipment 


+ Magnetic Recording Systems 

+ Signal Analysis Equipment 

+ Video and Pulse Circuitry 

+ Miniaturization and Packaging 





Part of Communications 
Equipment Pilot 
Production Activities 





I 
tamo-Wooldridge Corporation 


CALIFORNIA 


6820 BELIBANCA AVENUE °¢ 


LOS ANGELES 45 
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ARMOUR RESEARCH FOUNDATION is one of the 
nation’s largest and most progressive research organizations. 

The Foundation was created some twenty years ago to 
provide research and development services to industry and 
government. How well it has fulfilled this purpose is reflected 
in its remarkable growth. 

One of the key factors in Armour Research Foundation’s 
success has been engineering and scientific teamwork. Intensive 
collaboration, utilizing highly skilled and diversified talents, is 
focused upon a particular problem to reach a solution. 

The Foundation has been able to gather together an out- 
standing staff because—in addition to encouraging and prizing 
creativity—it has a competitive pay scale, good insurance and 
pension plans, variety of work, excellent facilities, and oppor- 
tunities for personal and professional advancement. 

These also are the reasons why more and more scientists 
and engineers are looking to Armour Research Foundation as 
the place to build their careers. We invite ELECTRONIC 
ENGINEERS, ELECTRICAL ENGINEERS and MATHE- 
MATICIANS to write to the Personnel Manager if they are 
interested in positions in Chicago and Arizona in the follow- 
ing fields: 


Communication and Radio Frequency Applications 
Magnetic Recording 

Applications and Development of Computers 
Electronic Instrumentation 

Servomechanisms 


DI! 











AHMOUNR ESE JM FOUNDATION OF I11.25NOQ1S INSTITUTE OF TECHNOLOGY 
Room 304D 10 W. 35th Street Technology Center Chicago 16, Ill. 








Classified Advertising 
(Continued from page 73A) 


THE MOORE SCHOOL OF ELECTRICAL ENGI- 
NEERING OF THE UNIVERSITY OF PENNSYL- 
VANIA has openings for electrical engineers, mathe- 
maticians, and physicists. Work is available in the fields 
of digital and analogue computers, mathematical analy- 
sis, circuit design, information theory, semiconductor 
studies, microwaves, and systems engineering. Appli- 
cants should be U. S. citizens. Salary commensurate 
with education and experience. For application form 
write the Director, Moore School, University of Pennsyl- 
vania, 200 South 33rd Street, Philadelphia 4, Pennsyl- 
vania 


CIRCUIT DESIGN ENGINEERS—Several perman- 
ent positions available in a growing organization for men 
with 2 to 10 years experience in dial telephone switching 
circuit design, interested in development of either elec- 
tro-mechanical or electronic systems. B.S. in E.E. de- 
sirable. Salary open. Location Western New York 
Box 417 





NOTE: Closing date for material to be 
set in the classified advertising column as 
well as cancellations for running ads, must 
be received not later than the first of the 
month preceding issue; i.e., July first 


for August issue 











EXCEPTIONAL OPPORTUNITIES FOR SERVO- 
MECHANISM ENGINEERS WITH INITIATIVE in 
the expanding Systems Section of North American’s 
Cabanon Division. Apply now for analysis and de- 
velopment work in servomechanisms in the following 
fields: HYDRAULICS; DYNAMIC ANALYSIS; 
ANALOG COMPUTER APPLICATIONS; GUID- 
ANCE AND CONTROL; MECHANICAL AND 
ELECTROMECHANICAL; AUTOMATIC CON- 
TROLLING SYSTEMS. M.Sc. or equivalent experi- 
ence in aircraft or related fields required. Contact 
J. H. Papin, Personnel Manager, Department 56 E.E., 
North American Aviation, Inc., Columbus 16, Ohio 


ENGINEERS—New Products Development. Ingenu- 
ity and initiative applied to NEW PRODUCT DE- 
VELOPMENT with a growing far-sighted company 
means progress for the experienced Electrical or Mechan- 
ical Enginee rs who are selected for these choice positions 
Experience required in: Mechanical Design; Heat 
Transfer; Servo Mechanisms; Stress Analysis; Electro- 
Mechanical Devices. These positions offer an oppor- 
tunity to grow in the field of ATOMIC POWER and 
AUTOMATION Reliance Electric & Engineering 
Co., 1088 Ivanhoe Road, Cleveland 10, Ohio, Glenville 
1-3530, Extension 570 


TEACHER FOR UNDERGRADUATE ELECTRI- 
CAL ENGINEERING work, lecture and laboratory, in 
four year Engineering College. M.S. and/or teaching 
experience desirable, but not absolutely essential. Rank 
and salary commensurate with training and experience 
Nine months basis. Position available September, 1956 
Write Chairman, Department of Electrical Engineering, 
Tennessee Polytechnic Institute, Cookeville, Tennessee 


WANTED—ELECTRICAL ENGINEER—BS in EE 
Recent graduate for power distribution and electrical 
control design work in Engineering Department. In- 
cludes coordination of both power and control systems 
with process design, preparation of work and drawings 
for construction and construction supervision. Forward 
Resume to P. W. Bauman, Jr., Assistant Director of 
Personnel, Inorganic Chemicals Division, Monsanto 
Chemical Company, 710 North Twelfth Boulevard, 
St. Louis 1, Missouri 


CHIEF PHYSICIST—To supervise group working with 
sealed radio isotopes Collimation, filtering, shielding 
and design of Beta, Gamma and Neutron sources 
Manufacturers of Accu Ray Industrial measurement and 
control systems. Vice President and Technical Director 
will be in New York for interviews during the IRE 
meeting March 19 through 22. Apply Industrial 
Nucleonics Corporation, 1205 Chesapeake Avenue, 
Columbus 12, Ohio 


ELECTRONIC ENGINEERS—Design and develop- 
ment of Industrial measurement and control equipment 
Get in on the ground floor in automation. Growing 
firm needs a few outstanding men, Vice President and 
Technical Director will be in New York for interviews 
during the IRE meeting March 19 through 22. Apply 
Industrial Nucleonics Corporation, 1205 Chesapeake 
Avenue, Columbus 12, Ohio. 
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ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 


BACHELORS’, MASTERS’ OR DOCTORS’ DEGREES 


(interested in electro-mechanics and electronics) 


for development engineering positions 
of permanency on... 


Guided Missile Controls 
Airborne Armament Systems 
Electronic Navigation Aids 
Automatic Controls 


TYPE OF WORK. A challenge to utilize the utmost inge- 
nuity, initiative, imagination, and creative qualities of bril- 
liant engineers who are qualified to turn the fantastic into 
fact, using modern scientific techniques and facilities under 
the tutelage of the finest engineering talent in the country. 
Specifically, Engineering work involves investigations, de- 
velopment of ideas, experiments, preparation of functional 
schematics, analyses and confirmation of functions of proto- 
types. Our field is research and development of electro- 
mechanical and electronic computing, positioning and auto- 
matic control systems. 


OPPORTUNITIES. Unlimited for Design Engineers of com- 
petence. Quarterly reviews by top executives reward merit 
by raises or promotion depending on responsibilities each 
man may logically be able to assume. We seek men who 
will carry heavier responsibilities than usually afforded to 
ambitious engineers—each individual will be recognized for 
his ideas and work as a person and as a member of a team. 


QUALIFICATIONS WE SEEK. Bachelors, Masters, and Doc- 
tors in Electrical Engineering and Mechanical Engineering 
and Masters and Doctors in Physics. We seek those with a 
creditable scholastic rating and recommendation of college 
authorities. Interest and capacity for development work par- 
ticularly on electronic and electro-mechar.ical systems and 
components. Reliable personality and a spirit of cooperation 
to fit in with our existing group of excellent engineers. 
Ability to pass our regular preemployment physical examina- 
tion. U. S. citizenship and loyalty to the American way of 
life. Our employees are subject to security investigations 
required for classified military work. 


SALARY. The starting salaries for graduates with bachelors’, 
masters’ or doctors’ degrees are considerably above the 


Industrial Adaptations 
Synchro Motors 

Analog and Digital Computers 
Nuclear Reactors and Controls 


Gunfire Control Equipment 
Servos and Servo Systems 
Automatic Machinery 
Magnetic Amplifiers 


average currently offered. Those having related experience 
in military service or industry will be employed at higher 
salaries depending on the evaluation of their previous work. 


DESIRABLE FEATURES 

* Work leads to position of Engineer, Senior Engineer, Project 
Supervisor and upward. 
Interesting new ideas constantly being developed for Military 
and Industrial purposes. 
Stable but progressively managed company. 
Association with Engineers with proven “Know How.” 
Over 2600 persons working together in the plant—over 500 
in engineering activities . . . small enough for individual atten- 
tion and large enough for broad opportunities. 
Air-conditioned plant. 
Cafeteria. 
Above-average benefits relative to life insurance, total disa- 
bility, sickness and accident insurance, hospitalization, etc. 
Pension plan without cost to the employee. 
Nine paid holidays every year. 
Two weeks’ vacation after first year. 


Tuition assistance for further related studies. 


RECRUITING POLICY. Our reputation of offering only posi- 
tions of permanency to development engineers is unique. 
We employ only when there is a clear and definite need 
projected years into the future. At present we know that we 
will need engineers in ever larger numbers to meet the 
requirements of increasing research and development busi- 
ness. We are therefore expanding our engineering staff and 
invite graduating engineers to submit their qualifications 
in person or by sending their résumés to Philip F. McCaffrey. 


IF IN NEW YORK FOR IRE CONVENTION 
PHONE STILLWELL 4-9000 FOR APPOINTMENT 


FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY-RAND CORPORATION 
31-10 Thomson Avenue °* Long Island City 1, N. Y. 


‘18 minutes 
sono | 


on subway from 


center of N.Y. C. J 


— 





*...And It’s a Good Place to Work.” This is the title of one of our brochures, a copy of which is yours for the asking. 
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To the engineer 


with a« bent for 
research... 


AiResearch is looking for your kind of engineer. 

We need you to help us cross new frontiers in modern 
engineering. Small turbomachinery is only one aspect 
of our pioneering activities. These extend to leader- 
ship in aircraft pressurization and air-conditioning 
systems, and pneumatic, electronic and heat transfer 
systems and components. 


Positions are now open for mechanical engineers 
...electrical engineers... physicists... specialists in 
engineering mechanics... specialists in aerodynamics 

.. electronics engineers... aeronautical engineers. 


TEST OF TIME passed by small gas turbines at AiResearch, 
with proved performance in the field. AiResearch has 
developed and produced more small gas turbines than 
any other company in the world. 














It's great 
to he a 
Westinghouse 


Engineer 


at the Electronic Tube Division 
in Elmira, New York. 


It’s great to be associated with this history-making 
division of our world-famous organization ... where 
you, as an individual, are given every encourage- 
ment to grow, professionally and financially. It's 
great, too, living in Elmira ... only minutes away from 
your job, and from the best fishing, hunting, boat- 
ing, etc., you've ever had. (Plus fine schools, good 
homes, and nice neighbors.) 


NEW YORK INTERVIEWS 
during |. R. E. Convention 


Meet some of our team and find out more 
about the fine opportunities listed below 


We'll be in New York a day earlier, 
SUNDAY, Mar. 18, thru Thurs., Mar. 22 


Phone for app’t, Mr. R. M. Jarrett 
Waldorf-Astoria Hotel, ELdorado 5-3000 
All Day And Evening 


Openings in: 


TUBE DESIGN APPLICATION 


76A 


Write to Mr. Wayne Clifford, AiResearch Manufactur- 
ing Company, 9851 S. Sepulveda Blvd., Los Angeles 
45, California. Indicate your preference as to location 
between Los Angeles and Phoenix. 


THE DE CDR OS Te HS 


AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 


Designers and manufacturers of aircraft components: rerrGeraTion systems 


PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS * CABIN AIR COMPRESSORS 
TURBINE MOTORS * GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + HEAT TRANSFER EQUIPMENT 
ELECTRO-MECHANICAL EQUIPMENT * ELECTRONIC COMPUTERS AND CONTROLS 








& DEVELOPMENT 
MICROWAVE TUBES: Mag- 
netrons, traveling wave tubes, 
klystrons, reference cavities, and 
other devices. 


PICK-UP DEVICES: Image 
orthicon, vidicon, infrared, - 
ray image intensifier. 


CATHODE RAY _ TUBES: 
Color and black-and-white. 


OTHER TUBES: Including re- 
ceiving and power tubes. 


for each of the aforementioned 
elds 


TEST & MFG. 
EQUIPMENT DESIGN 
Seasoning and test units, induc- 
tion heaters, wave-guide appara- 
tus, high-frequency oscillation 
test units, automatic receiving- 

tube test circuits. 


MFG. ENGINEERING 


Microwave, image orthicon, re- 
ceiving or color TV tubes. 


If unable to see us at the Convention, 
Send resume to: R. M. Jarrett 


Interviews in your area, or travel 
expenses paid for Elmira interviews. 


WESTINGHOUSE ELECTRIC CORP. 


P. O. Box 284, Elmira, N. Y. 
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IN-TODAY’S ELECTRONIC ACHIEVEMENTS 
LIE TOMORROW'S CAREERS 


Your work in advanced guidance and control systems and 
components at AUTONETICS today is excellent assurance 
of long-range opportunity. Problems like heat resistance, 
weight reduction and sub-miniaturization in electro-mechan- 
ical devices for missiles and manned aircraft have a direct 
application to non-military industry. 

The work at AUTONETICS is challenging and profession- 
ally rewarding. Nearly 100 projects are now underway—most 
of which have not yet been printed in journals or texts. This 
diversity means good opportunity to find the field that is 


best for your particular talent, training and desires. 


Choice openings for: 
Computer Specialists 
Electronic Component Evaluators 
Flight Control Systems Engineers 
Computer Application Engineers 
Inertial Instrument Development Engineers 


Electro-Mechanical Designers 
Instrumentation Engineers 
Electronics Research Specialists 


Automatic Controls Engineers 


In developing and designing precision electro-mechanical 


equipment, you will use the finest digital and analog com- 
puters and other advanced research and test facilities at 
AUTONETICS. 

In addition to all the physical advantages at AUTO 
NETICS, you will welcome the professional attitude of your 
colleagues here. You can expect to be informed about your 
personal progress, have your ideas listened to. 


AUTONETICS welcomes your in 
All replies will be held in the strictest confidence. 


If you are interested, 


quiry. 


Environmental Test Engineers 

Fire Control Systems Engineers 
Computer Programmers 
Electronic Engineering Writers 


Preliminary Analysis and Design Engineers 


Also Openings for Draftsmen and Technicians 


Mr. D. S. Grant, Engineering Personnel Office 


Contact: 


You are cordially invited to visit our booth number 59 at the 
I. R. E. Convention, and North American’s I. R. E. Convention 
Headquarters at the Waldorf-Astoria Hotel for a showing of 
technical films on the remarkable growth and development of 
the Company’s Missile and Control Equipment Operations. 


AUTOMATIC 
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CONTROLS 


MAN 


Autonetics, Dept. 991-20EE, 12214 Lakewood Blvd., Downey, Calif. 


Autonetics 
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at RCA! 





...New Opportunities ...17 + Locations... One Best For You And Your Family 


Can anyone but RCA offer you 

a choice of locations like this? 

At Camden, Moorestown or Cherry Hill, you enjoy 
cultural advantages of Greater Philadelphia, live at 
moderate cost in pleasant suburban communities. 
Waltham offers at-home opportunities for New 
England engineers. Four ideal West Coast loca- 
tions. Harrison borders on Greater New York. 
Lancaster, Marion and Findlay have small-town 
advantages. There’s pleasant year-round outdoor 
living in Cocoa Beach, on Florida’s central east 
coast. RCA Service Company and International 
Division assignments include ideal locations in the 
United States, and wherever RCA electronic 
equipments are installed and serviced throughout 
the world. 


Individual Recognition — 

RCA organizes engineering activities into groups 
small enough to allow broadest scope for your indi- 
vidual accomplishment. The average group has 
just 11 engineers. Yet, in all activities, you are 
supported by the entire facilities and engineering 
resources of RCA. 


Salaries — 

RCA engineering salaries average measurably 
higher than other companies’ in the field. Inter- 
mediate engineers, $5000-$8500; senior engineers, 
$8500-$15,000; staff and supervisory salaries open. 


Advancement— 

Scheduled, objective appraisal of your work speeds 
promotion. Professional and financial progress is 
just as sure as your achievements make it. 


Professional Status— 

RCA bases world leadership in electronics on the 
abilities of exceptional men at every organizational 
level. Many have notable engineering and scien- 
tific reputations. You work in day-by-day associa- 
tion with men of this caliber. 


Benefits — 

There’s a complete program at RCA. A very liberal 
Tuition Refund Plan, Company-paid life, sickness 
and accident, hospital-surgical insurance for you 
and your family. Modern retirement plan. Reloca- 
tion expenses paid. Suggestion and patent awards. 





Now, Pinpoint Your Future 


...Here are the Opportunities! 
..-Here are the Locations! 





TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 


Chemistry 
Electrical Mechanical Physical Ceramics 
Engineers Engineers Science Glass Technology 

Metallurgy 
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FIELDS OF ENGINEERING ACTIVITY 
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DESIGN « DEVELOPMENT 

KINESCOPES (B & W and COLOR), OSCILLOSCOPES—Electron 
Optics—Instrumental Analysis—Solid States (Phosphors, High Tempera- 
ture Photosensitive Materials and Glass to Metal 
RECEIVING TUBES—Tube Design—Test and Application Engineering — 
Chemical and Physical Development—Methods and Process Engineering 
— Advanced Development 


MICROWAVE TUBES—Tube Development and Manufacture (Traveling 
Wave—Backward Wave—Magnetron) 

GAS, POWER AND PHOTO TUBES—Photosensitive Devices— Glass 
to Metal Sealing—UHF and VHF—Power 


L 
w 
Cc 
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COMPUTERS—Systems—Advanced Development— Circvitry—Assembly 
Design— Mechanisms— Programming 


COMMUNICATIONS — Specialized Military Systems — Microwave 
—Aviation—Audio— Propagation Studies 


COMPONENTS—Transformers—Coils—TV Deflection Yokes (Color or 
Monochrome)—Resistors—Ferrites (Material and Parts) 


ON|x3| Oo [xO F|MOT KOE! 
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MACHINE DESIGN 


L 
Mechanical and Electrical— Automatic or Semi-Automatic Machines ~ : 


Locations: C—Camden, N.J. F—Cocoa Beach, Fla. H—Harrison, N.J. 1—International Div. L—Lancaster, Pa. M—Moorestown, N.J. S—RCA Service Co. (Cherry Hill, NJ.; 
Alexandria, Va.; Tucson, Ariz.; San Diego, Sacramento, San Francisco, Calif.; Foreign Assignments). W—Waltham, Mass. X—Los Angeles, Calif. Y—Marion, Ind. Z—Findlay, Ohio 


Mr. John R. Weld, Employment Manager 
Dept. A-14C, Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N.Y. 


RADIO CORPORATION of AMERICA 


® Copyright 1956 Radio Corporation of America 


Please send resume of education and experience, with location preferred, to 
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Electronics 


Today, its roots are feeding research and develop- 
ment activities on more than a dozen top-rated proj- 
ects, including 6 guided missile programs, 4 aircraft, 
a major air defense system, an earth satellite launch- 
ing vehicle and a variety of highly specialized weap- 
ons systems. 

Main branches of the Martin electronics tree include: 

SYSTEMS DESIGN for radar, guidance, communica- 
tion, navigation and reconnaissance systems. 

CIRCUIT DESIGN for tuners, receivers, digital com- 
puters, memory devices, advanced data processing 
equipment, and a wide range of special weapons systems 
components. 

THEORETICAL STUDIES for microwave compo- 
nents, antennas, radomes for missiles and high-speed air- 
craft, and many advanced design applications. 

Electronics engineering at Martin is second to none 
in the industry today, and our advanced programs 
are creating many important new opportunities. Con- 
tact J. M. Hollyday, Dept. EE-03, The Martin Com- 
pany, Baltimore 3, Maryland. 
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Bibliography on 
High-Pressure 
Electric Arcs 


(May 1954) 


This Bibliography (S-62) has 
been prepared to aid those 
conducting research in the 
field of high pressure electric 
arcs. It is hoped the Biblio- 
graphy will also stimulate 
others to become interested 
in this fundamental and highly 
fascinating field of research. 
Although the work has been 
done under the auspices of 
the Subcommittee on Funda- 
mental Arc Research of the 
AIEE Committee on Electric 
Welding, the Bibliography 
should prove useful to all 
fields of high pressure arc 
research, whether the appli- 
cation be to arc welding, arc 
refining, or arc extinction. 
The Bibliography has been 
compiled from a number of 
sources, including many pri- 
vately donated bibliographies 
as well as extensive searches 
through standard journals. 
Entries are arranged alpha- 
betically according to author. 
They include, in addition to 
the author's name, the title of 
the article, the name of the 
publication, the volume, 
number, and date of the pub- 
lication, and number of pages 
in the article. 


Price: $1.50 (no discounts for 
members) 


Copies may be obtained from: 
Order Department 


AMERICAN INSTITUTE 
of 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 


3-56 
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( Westinghouse ' 


BALTIMORE DIVISIONS 


are active 
in advanced 
projects like 


BOMARC... 
are you? 


OPENINGS EXIST IN THE FIELDS OF 


CIRCUITRY PACKAGING 

MICROWAVES TRANSFORMERS 

SERVOMECHANISMS ANALOG COMPUTER 

MAGNETIC AMPLIFIERS DESIGN 

DIGITAL COMPUTER VIBRATION 
PROGRAMMING RADAR DESIGN 

FIRE CONTROL SYSTEMS FIELD SERVICE 





TO APPLY 


Send resume of 
education and experience to 
Technical Director, Dept. 303 
Westinghouse Electric Corp., 
2519 Wilkens Avenue, 
Baltimore 3, Maryland 
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engineers: 


ARTIST’S CONCEPTION of 
the IM-99 BOMARC, long- 
range pilotless interceptor. 
Guidance and control of 
the Bomarc is under devel- 
opment by the Westing- 
house Baltimore Divisions. 
(Photo courtesy Boeing Air- 
plane Company) 


BOMARC is typical of the many interesting proj- 
ects “in the works” at Westinghouse. Such projects 
are more than a “one-shot” challenge to the engi- 
neer... they are the true steps forward in his 
career, and the broadening of knowledge that 
enriches his value to himself and to his profes- 
sion. If you are interested in this type of project, 
Westinghouse is interested in you! 


OTHER CAREER ADVANTAGES 
AT WESTINGHOUSE 


Unlimited opportunity for advancement 

Unlimited opportunity for advanced education at 
company expense 

Unlimited opportunity for professional status and 
association with leaders in the profession 


IN ADDITION TO top income and benefits, you 
will find the housing excellent in our ideal geo- 
graphic location. 


you can 6e SURE...1¢ irs 


Westinghouse 
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Associates. . . 
and your 
srowth 


as an engineer 


@ Do your associates stimulate your thinking? Are your 


During the IRE Convention, visit 
the IBM Suite at the Waldorf- 
Astoria Hotel to discuss career 
opportunities with members of 
our professional staff. Also see 
the IBM Exhibit—Booth Nos. 


77-79—at the Kingsbridge Palace. 


managers receptive to your original ideas? At IBM, an engineer 
can answer these basic questions with an unqualified “yes.” 

In IBM’s modern labs, engineers sense the professional excitement 
that stems from a continual interchange of original ideas. Their 
contributions—even on projects not specifically their own—receive 
sympathetic hearing from men whose management positions 

were attained by outstanding engineering achievement. 

IBM’s world-wide reputation for digital computer design 

and development confirms our belief that a talented engineer 
should be actively encouraged to grow—without restrictions 

—to the fullest limit of his ability. 

If you have a degree in E.E., M.E., or Physics, or equivalent 
experience, find out what IBM’s tradition of engineering excellence 
can mean in terms of your own future growth and achievement. 
Write to Wm. M. Hoyt, Room 303 International Business Machines 
Corp., 590 Madison Avenue, New York 22, N. Y. 





INTERNATIONAL DATA PROCESSING 
BUSINESS MACHINES ELECTRIC TYPEWRITERS 


TIME EQUIPMENT 


CORPORATION MILITARY PRODUCTS 
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CAPE CANAVERAL 
ED. LAUNCHING AREA 


Pin AIR FORCE MISSILE TEST CENTER 


> Ni _— Florida Flight Test Range 
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PUERTO RICO 


aan » Ge ‘ 


DOMINICAN REPUBLIC 
© INSTRUMENTATION STATION “i 
++ LINE OF FLIGHT TO ST.LUCIA, ASCENSION 











Engineers and Scientists: 
INSTRUMENTATION SYSTEMS ENGINEERING 
for MILITARY APPLICATIONS 





3 SALARIES UP TO $14,000. 


IN THESE NEW PROGRAMS AT THE MISSILE TEST PROJECT, FLORIDA 


Have you as an engineer or scientist considered the 
problems and projects associated with the instrumentation 
and control of a long range missile, guided over a course 
that extends thousands of miles? 


To achieve precision performance, missile launching 
and guidance require a vast network of instrumentation 
and control. New development programs have created 
challenging opportunities for Electronics Engineers 

and Scientists who are interested in data acquisition, 
transmission, recording and processing systems. 


A world leader in electronics provides instrumentation 
for the Air Force Long Range Testing Laboratory, which 
extends from Patrick Air Force Base, on the Central 
East Coast of Florida, to the Mid South Atlantic. 


You will enjoy top salaries, liberal company-paid benefits, 
and ideal Florida living for you and your family. 
Relocation assistance, too. 


TODAY .... get complete information on 
arrangements for personal interview. 
Send a complete resume of your 


education and experience to: 


PERSONNEL MANAGER 

MISSILE TEST PROJECT— Dept. N-9C 
P. O. Box 1226 

Melbourne, Florida 


MISSILE TEST PROJECT 


Melbourne, Florida 





NAVIGATIONAL 
EQUIPMENT 
ENGINEERS 


needed at 


in 
SOUTHERN 
CALIFORNIA 


Engineers skilled in circuit 
design of electronic navigational 
equipment for aircraft are being 
offered excellent opportunities at 
Bendix-Pacific. These are secure, 
well paying positions with 
strong peace time application. 
Bendix-Pacific also has unusual 
positions in electrical and me- 
chanical design of airborne ra- 
dar, telemetering and missile 
guidance. 


Let us send you complete infor- 
mation. Mail the coupon or write 
us today. 


W. C. Walker, Engineering Employment Manager @ 
Pacific Division, Bendix Aviation Corp. 
11616 Sherman Way, North Hollywood, Calif. @ 


| am interested in & 
Navigational Equipment Engineering 
| am a graduate engineer with degree. 


| am not a graduate engineer but have 
yeors experience. 





Address 





City. Zone State 





& 
& 
Name & 
2 
&@ 
€ 
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SANDIA 


COR POR ATT ON 


invites well-qualified 
ENGINEERS AND SCIENTISTS 
to investigate 
CURRENT OPPORTUNITIES 
in the challenging field of 
NUCLEAR WEAPONS 
DEVELOPMENT 


We are presently 
seeking additional stafl 
members in these fields 


ENGINEERS: 

Design « Research ¢ Development 
Mechanics ¢* Electronics «© Aero 
nautics ¢ Stress Analysis « Test En 
gineering « Quality Control e Liaison 
Reliability Studies « Packaging 
Engineering *« Human Engineering 

SCIENTISTS: 

Classical and Experimental Physics 
Engineering Physics « Mathe 
matics « Aerodynamics 
Computer Application 
Chenustry 


SANDIA CORPORATION, a subsidiary of the 
Western Electric Company located in Albuquerque, 
N. M.., is engaged in the design and development 
of nuclear weapons under contract with the Atomic 
Energy Commission. Compensation is competitive 
with that offered in other industry, and employee 
benefits include exceptionally liberal paid vaca- 
tions, free group life insurance, sickness benefits, 
and a generous contributory retirement plan. In- 
terview and liberal relocation expenses are paid by 
Sandia Corporation. Albuquerque, center of a 
metropolitan area of 186,000, is located in the Rio 
Grande Valley, one mile above sea level. Urban 
shopping facilities, scenic beauty, historic interest, 
year-round sports, and sunny, mild, dry climate 
make Albuquerque an ideal home. Housing is 
readily obtainable. 


WE WILL WELCOME THE OPPORTUNITY 
TO SEND YOU FULL DETAILS 
ON CURRENT CAREER OPPORTUNITIES 


STAFF EMPLOYMENT DIVISION 551 
SANDIA CORPORATION, Albuquerque, N. M. 


Please send additional information on career 
opportunities at Sandia to: 


NAME? _ 





DEGREES: 





FIELD: 





EXPERIENCE IN FIELD: 
ADDRESS: 





If you wish to submit a more complete resumé of 
your qualifications, we will be happy to give it full 
consideration immediately, 


SAN DIA 


CORPORATION 


ALBUQUERQUE, NEW MEXICO 
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TRANSFORMER ENGINEER 


Major manufacturer of distribution transformers 
desires experienced Design & Development 
Engineer for permanent position. Merit in- 
creases, Profit Sharing, Group Insurance plus 
excellent opportunities for advancement. Write 
giving complete resume of education, experience, 
and minimum salary expected. All applications 
treated confidentially. 


LINE MATERIAL COMPANY 
A Division of McGraw Electric Co. 
Transformer Plant 
Zanesville, Ohio 








WANTED 


Graduate Electrical Engineer 
Age — Not over 30 


Training and experience embracing communications systems 
rraining and ri 2mi ing communications system 
for voice and carrier frequencies are desirable. 


EXCELLENT OPPORTUNITY 





For man desiring a permanent, secure and responsible posi- 
tion in New England. Please send complete resume with 
first letter. 

BOX 415 


ELECTRICAL ENGINEERING 
500 FIFTH AVENUE 
NEW YORK 36, N. Y. 








APPLIED RESEARCH PHYSICIST 


Research Laboratory in Pittsburgh offers unusual opportunity to 
qualified scientist to head Applied Physics Section. Will serve as 
Project Leader and Adviser in Product and Process Research and 
Development on Specialty Alloy Steels and related activities. 
Attractive income, benefits and opportunity for professional 
development and advancement. 


PhD required. Must be familiar with Steel Process Instrumenta- 
tion, Laboratory Physical Metallurgical Instrumentation, X-Ray 
Diffraction, Electron Microscopy and Radiography. In reply 
send confidential resume and salary requirements to: 


A. A. Marquer, Jr., Supervisor of Employment, Crucible Steel 
Company of America, P. O. Box 88, Pittsburgh 30, Pennsylvania. 














Review of Input and Output Equipment 
Used in Computing Systems 


Papers and discussions presented at the Joint AIEE-IRE-ACM| 
Computer Conference, New York, N. Y. December 10-12, 1952 


The papers presented in this 142-page printed publication 
represents a fairly complete documentation of the input- 
output art as it exists at present. This conference stressed 
those devices which have been brought to the point of 
working equipment by the various computing groups in 
an attempt to acquaint a large body of engineers with the 
present status of the art. Priced at $4.00, publication S-53 
is available from: 


AIEE ORDER DEPARTMENT 
33 West 39th Street, New York 18, N. Y. 
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NEW 2-FOLD 


RETIREMENT INCOME PLAN 


for Aviation and Missile Engineers 


It’s natural that a long-time leader in aviation, like Republic— with many firsts to its credit — 
should be a leader, too, in providing for the welfare of its staff. Right in line with this forward- 
looking policy is the remarkable new Republic Retirement Income Plan. Here is how it works: 


PART 11s a basic Retirement Income plan paid for entirely by Republic Aviation. 


PART 2 is a cooperative effort. It is completely optional. But if an engineer 
wishes to increase his retirement fund, by making a small monthly payment, 
Republic will MORE THAN MATCH his contribution. 


Take the case of a hypothetical engineer who joins Republic on January 1st, 1956, averages 
$8,000 a year for 15 years; then retires aged 65. If he elected PART 2 of the plan, he will have 
a total monthly retirement income of $225.80, including his social security. For this he himself 
will contribute only $8.50 a month to the Republic Retirement Income Plan. 


Of course, the MORE YOU EARN, the HIGHER your Retirement Income will be. And 
Republic pays a top salary scale in the industry. 


..» RETIREMENT PLAN JUST ONE OF MANY PLUS FACTORS POINTING TO A REPUBLIC CAREER 


FIRST —there’s the interest and prestige of the Research and Development Program has 

working for a pioneer in aircraft design, cre- just been announced. 

ator of such famous planes as the F-84 Thun- . . 

derjet, the F-84F Thunderstreak, RF-84F pcx get a eee mm 

Thunderflash and XF-84H. (Soon to be fol- a ee ee ee ce ee 

F . York City and Long Island areas, which makes 

lowed on the production line by the new F-103, s ; 

F-105 and RF-105.) it easy to move to Republic. Other liberal bene- 
; fits: Life, Accident and Health Insurance; 

SECOND —the company is expanding sharply, Hospital-Surgical Benefits for the whole fam- 

providing frequent opportunities for able men ily; educational aid covering % the cost of 

to advance. In fact a $12,000,000 increase in collegiate and graduate study. 


Serve your own best interests. Make full inquiries into the many advantages of joining 
Republic now, not the least of which is living on Long Island—the Playground of the East. 


Important engineering positions are now open at all levels: 





STAFF ENGINEERING SYSTEMS ELECTRO-MECHANICAL STRESS 
DESIGN 


PRELIMINARY DESIGN MATHEMATICAL AIRCRAFT DESIGN 
ELECTRONICS ANALYSES FLIGHT TEST WEIGHTS 
WEAPONS SYSTEMS AERODYNAMICS RESEARCH — 
PROPOSALS TECHNICAL WRITING THERMODYNAMICS pon ee 


OPERATIONS RESEARCH DYNAMICS FLUTTER & VIBRATIONS Mechanical 


Please address complete resume 
outlining details of your technical background to: 


SEE PFPEAESEAES AVIAN 


AIRCRAFT MISSILES 
Assistant Chief Engineer, Administration, Mr.R.L.Bortner Administrative Engineer, Mr. Robert R. Reissig 
Farmingdale, Long Island, N. Y. Hicksville, Long Island, N. Y. 
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THE ELECTRONICS DIVISION 
OF 
GENERAL MOTORS 


* 


Our current monthly turn- 
over figures are phenomenally 
good. Have been, we are proud 
to say, for years. It speaks 
weil for the job opportunities, 
working conditions and the 
wages we pay our Engineers 
and Designers. Investigate 
for your future. Write 


us today. 


PIONEERING 
OPPORTUNITIES 


in the following fields! 


@ MISSILE GUIDANCE 
SYSTEMS 

© JET and TURBO PROP 
ENGINE CONTROLS 


© BOMBING 
NAVIGATIONAL 
COMPUTER SYSTEMS 


© AIRBORNE FIRE 
CONTROL 


© U.HLF. 
COMMUNICATIONS 


@ MICRO-WAVE 
EQUIPMENT 


A dynamic leader in 

the field of magnetic 

amplifier control 
ry equipment. 


4¥ig\° 


ENGINEERS 


You, the time, and the place are the 
elements which determine your future 
Investigate the advantages of associ- 
ation with Vickers Electric Division (a 
unit of Vickers Inc. of Detroit and 
Sperry-Rand Corporation) 


MECHANICAL DESIGN ENGINEER 


Mechanical design and development of 
air and water cooled clutches of the 
magnetic particle type ranging in size 
from less than 1 H.P. to 600 HP. 
Knowledge of fundamentals of electrical 
engineering. Some production back- 
ground desirable. 


ELECTRICAL ENGINEER 
SPECIAL PRODUCT DESIGN 


Design and development of special 
motors and various other type units. 
Preferably have experience with frac- 
tional and small integral horsepower 
motors. 


ELECTRICAL ENGINEERS 


Immediate openings in the following 
fields for both junior and senior engi- 
neers at all levels: 
Reactor and Magnetic Amplifier Design 
Semi-Conductors (E. E. or Physicist) 
Servo and Regulator Systems 
Magnetic Particle Clutches 
Nuclear Instrumentation 
Rectifiers (Selenium, etc.) 
Arc-Welder Equipment 
Sales Application 


Vickers Electric is a moderate size 
company which in being a young organ- 
ization, growing rapidly and having 
diversitied engineering and production 
offers real opportunity to the engineer 
to fully utilize his abilities, progres 
rapidly, and acquire broad experience 
and training 


Write for our brochure “ENGINEERING 
WITH A FUTURE.”’ 


Airmail inquiries to 
Mr. Carl C. Schudde 
DIRECTOR OF PERSONNEL 
VICKERS ELECTRIC DIVISION 
VICKERS INCORPORATED 


(Unit of Sperry-Rand Corporation) 


qe 
7, NV; 
KO 


KS Mr. John F. Heffinger, Supervisor of Salaried Personnel 


Write today for Employment Application: 1815 Locust Street, St. Louis, Mo. 





AC SPARK PLUG ¢ THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


Milwaukee 2, Wis. Flint 2, Mich. . 
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Like to join this session on atomic-powered ships? 


This is a working session of some of the country’s 
best scientific and engineering minds. Their assign- 
ment: develop, design and construct atomic power 
plants for a fleet of ships. Where are they? At 
Bettis Plant, Pittsburgh, operated by Westinghouse 
for the AEC. This is the largest design and engineer- 
ing center for atomic power plants in the country. 
Here the power plants for an atomic fleet are 
actually being designed and built. 

You can join them if ‘you are a competent physicist, 
mathematician, metallurgist, mechanical or electrical 
engineer. The work is fascinating—anything but 


routine—because so many of the important things 
being done at Bettis are being done for the first time. 

Activity at Bettis Plant is expanding because 
more power reactors are being built here than at 
any other place. 





Atomic experience is nof required. Write for a 
descriptive brochure describing opportunities in 
your field. Be sure to indicate your specific interests. 
Mr. A. M. Johnston, Westinghouse Bettis Plant, 
P. O. Box 1468, Dept. A-15, Pittsburgh 30, Pa. 











Westinghouse 


BETTIS PLANT 


First in atomic power 
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“I chose Stromberg-Carlison 
for a new way Of life... 


maybe you should, too” 


Stromberg-Carlson offered me and my 
family so much more than a good salary, 
plus bonus and a flock of fringe benefits, 
that I couldn’t say anything but “When do 
I start?” 

There’s the Company itself—sixteen times 
bigger today than in 1940—and now a divi- 
sion of the headline-making General Dy- 
namics Corporation. One look at its Re- 
search Lab alone convinced me that here is 
probably the “hottest” electronics industry 
in America today. 

There’s Rochester, and its surroundings. 
Right in the heart of the Finger Lakes; only 
four hours from the Adirondacks. Home of 
the Eastman School of Music and Eastman 
Theatre; of world-famous parks; of no less 
than thirteen golf courses; of schools and 
shopping centers unrivalled in the East; of 
scientific industries whose engineers turn 
up as your next-door neighbors. 


Above all there’s opportunity. As the 
chap who hired me put it, “This is the spot 
for men who are either stymied in a little 
company, or buried in a giant.” More than 
twenty fields of employment are open—as 
shown by the list to the right. 


I started with a detailed letter of inquiry 


to Howard L. Foote, at the address below. 
Why don’t you do the same? 











Audio Amplifiers 

Auto Radio 

Automation 

Carrier, Wire-Line 
Countermeasures 

Data Processing 

Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 
Laboratory and Test 
Engineering 

Loudspeaker 

Magnetic Tape Recorders 
Microwave, communication 
Navigational Systems 
Radar 

Telephone Switching Technique 
Transistor Engineering 
Voice communication 
Writers—Bid Proposal 
Writers—Technical 








P.S. Look us up at the March I.R.E. show in New York City 


STROMBERG-CARLSON COMPANY 


A DOivVviSton OF GENERAL OYNAMICS 


CORPORATION 


107 Carlson Road, Rochester 3, N. Y. eR 
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Bibliography on 
Telemetering 
(December 1954) 


Sponsored by the 
AIEE Group Subcommittee 
on Telemetering 
of the 
AIEE Committee on Instruments 
and Measurements 


This Bibliography  (S-68) 
covers the field of mobile and 
stationary telemetering as it 
relates specifically to prob- 
lems of remote measurement. 
The contiguous fields of 
carrier current transmission 
and supervisory control, 
while not excluded, are cov- 
ered only in so far as there is 
thought to be direct bearing 
on the defined subject. Other 
bibliographies which will be 
directed more specifically to 
these related subjects are 
now in preparation. 


In a restricted compilation 
such as this, it has been con- 
sidered best to arrange the 
items in annual groups after 
the year 1920, when the sub- 
ject began to be treated with 
some regularity in technical 
literature. Within each an- 
nual group the listing is al- 
phabetical by author’s name. 
No attempt has been made to 
strive for completeness prior 
to 1920 since such historical 
investigation would appear to 
have only limited, or, at best, 
very special interest. 


Price: 50 cents 
(no discounts for members) 
Copies may be obtained from: 
Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 
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ONE OF A SERIES — depicting electronics — ‘‘Yesterday, Today and Tomorrow”’ 


Spanning the spectrum 


It’s a big step from Edison’s light bulb to DeForest’s “audion” . . . 
a shorter step from the “audion” to the klystron tube. In bridging the 
gaps, scientific frontiersmen have founded a new industry. The growing 
applications of electronics are creating a fantastic industrial revolution. 
These developments are not only changing the weapons concept, but 
also the very basis of our civilization. 


Bell Aircraft is a leader in electronics among the aircraft industries. Its 
achievements span the spectrum in the electromagnetic field. Intricate 
missile guidance systems, remote-controlled aircraft, landing systems for 
aircraft, and the recovery system used in several missiles are among 
Bell's notable advances. 


To the engineer desiring top assignments . . . assignments requiring 
creative thinking . . . Bell offers an unparalleled opportunity for pro- 
fessional achievement. New contracts on missiles and other projects 
have created openings in our electronics staff for progressive minds 
seeking advancement. For the engineer with a B.S. or advanced degree 
interested in scientific frontiers contact .. . 


MANAGER 


Engineering Personnel 
D 
Department 9 I 
D 
Or 





P.O. Box 1 CORPORATION 
Buffalo 5, N. Y. 


ELECTRONIC ENGINEERS 


@ Research, design and development 
on guidance systems, instrumentation, 
telemetering, amplifiers, antennas, 
transmitters, receivers, and 

test equipment. 


SERVO ENGINEERS 


@ Research, design, development 
integrators, accelerometers, computers, 
feedback amplifiers, instrument 
servos, transistors and servo valves. 


INSTRUMENTATION ENGINEERS 


@ Design, development and 
evaluation of electromechanical and 
electronic components of measurement 
systems including detectors, recorders, 
circuitry and complete systems for 
measuring quantities such as 
acceleration, velocity, displacement, 
pressure, emissivity frequency, 
magnetic flux and temperature under 
extreme environmental conditions. 


LABORATORY ENGINEERS 


@ Establish test procedures 

and select test equipment to perform 
development tests on electronic 
equipment (pulse circuits, radar, 
and microwaves). 


TEST EQUIPMENT 
DESIGN ENGINEERS 


@ Design and supervise the 
construction, installation and 
operation of electronic, electrical and 
electromechanical test equipment 

for use on servo, telemetering 

and guidance systems. 


MISSILE SYSTEMS 
TEST ENGINEERS 


@ Direct the installation of 
electronic components of servo, 
telemetering and guidance systems. 
Perform complete systems tests, 
analyze and evaluate the results. 
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Picture of a young man 


Planning a 


Successful Future! 


Success doesn’t just happen to a 
company or to an individual. Success 
comes as a result of clear thinking and 
long-range planning. 

And that is just what the young 
engineer in the picture is doing. He 
is studying the many possibilities of a 
career in guided missiles. 

The book he is reading is entitled 
"Your Future in Guided Missiles with 
Bendix”. It is one of the most complete 
guides to job opportunities in the 
guided missile field. It also contains a 


detailed background of the functions 
of the various engineering groups such 
as systems analysis, guidance, tele- 
metering, steering intelligence, com- 
ponent evaluation, missile testing, 
environmental testing, test equipment 
design, reliability, propulsion and 
other important engineering 
operations. 

Here is exactly the type of informa- 
tion that every ambitious engineer 
should have if he is concerned about 
his future. A copy of this thirty-six- 
page book is available to you. Just 
fill in the coupon. It may help you plan 
your successful future. 


BENDIX PRODUCTS DIVISION 
MISSILE SECTION 
407C, Bendix Drive, South Bend, Indiana 


Name 
Address 


City 
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Please send me a copy of the book 
“Your Future in Guided Missiles.” 
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Electronic 
Components 


Symposium 


HIS report S-7l, covers 

the Electronic Components 
Symposium held in 1954 
which was sponsored by the 
AIEE, Institute of Radio Engi- 
Radio-Electronics- 
Television Manufacturers 
Association, and the West 
Coast Electronic Manu- 


neers, 


facturers Association, and 
including participation by 
agencies of the Department 
of Defense and the National 
Bureau of Standards. 


The seven sessions covered in 
this 224-page publication (41 
papers) include: relationship 
of materials developments to 
component progress; solid- 
state devices and companion 
components; new frontiers 
in component development; 
and other applications. 


Price: $4.50 (no discounts 
for members) 


Copies may be obtained from: 
Order Department 


AMERICAN INSTITUTE 
OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 
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ENGINEERS 


for immediate placement 


Engineering at NCR: 


1. Immediate, permanent positions in Mechanical 
Engineering, Electrical Engineering and Physics Research 
Divisions. 


2. Engineering project work in Adding Machines, 
Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los 
Angeles, and Ithaca, New York. 


3. Opportunities in design, development, produc- 


ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRONIC ENGINEERS 


COMPUTER ENGINEERS 
SOLID-STATE PHYSICISTS 


tion-engineering and packaging of mechanical, elec- 
tronic, and electromechanical devices 


4. Some experience in development, design, and 
application of high-speed, light-weight mechanisms of 
the intermittent-motion type; or, experience in digital 
devices and components, is desirable, but not essentiai. 


5. Ample training and indoctrination is available 
to all employees. 


As an NCR engineer you, with your family, will enjoy: 


1. UNLIMITED OPPORTUNITY in the broad, ever- 
expanding field of Business Machine Engineering and 
Research. 


2. AN EXCELLENT SALARY, plus exceptional bene- 
fits of lifetime value for you and your family. 


3. A RECREATIONAL PROGRAM for year-round 
enjoyment of the entire family, including a new NCR 
Country Club with 36 holes of golf, and a 166-acre 


(2 


employees’ park for outings with swimming, boating, 
and supervised play for the children. 


4. LIVING IN DAYTON... considered a clean, 
attractive, progressive city with outstanding school 
facilities. 


5. YOUR WORK AT NCR with its friendly, family 
atmosphere, with its employee morale at a very high 
level, and with people who, like yourself, have decided 
to build their professional future with NCR. 


ACT AT ONCE —Send résumé of your education, experience and 


geographic preference to: 


EMPLOYMENT DEPARTMENT, TECHNICAL PROCUREMENT SECTION 3 


THE NATIONAL CASH REGISTER COMPANY 
Dayton 9, Ohio 


*Trade-Mark—Reg. U. S. Pat. Off 
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Write to 


Lockheed 
F-94C Starfire 
and the Hughes 
radar fire 
control system 
with which 

it is equipped. 


PRODUCT 


Hughes has been 
the leader from the 
beginning in 
applying electronic 
computers to 
airborne fire control DESIGN 
equipment. Today 
every U.S. Air Force 
and Canadian 
continental defense 
interceptor uses 
Hughes-developed and 
Hughes-manufactured 
Systems, 


HUGHES 


As the intercept problem becomes more and more 
automatic, additional equipment such as new-type 
computers, control surface tie-in (CSTI), autopilots, 
and other units must be integrated into the system. 
Faster speed and heavier engines dictate more stream- 
lining—and hence less space for electronic gear. The 
result is even more miniaturization and compact 
packaging, evolved from special techniques. 

This all means that now the product design engineer 
is more important than ever before. In the Product 
Design Laboratory he is a vital part of the formal 
link between the Research and Development activity 
and the optimum configuration and installation ar- 
rangements for the systems “black boxes.” 


H U G H E S for information regarding positions open. 


SCIENTIFIC STAFF RELATIONS 

HUGHES RESEARCH AND DEVELOPMENT 
LABORATORIES 

CULVER CITY 


, LOS ANGELES COUNTY, CALIFORNIA 
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Engineering 
ocieties 


Personnel 
Service, Inc. 


New York 
8 West 40th St. 


Detroit 
100 Farnsworth Ave. 


Chicago 
84 East Randolph St. 


San Francisco 
57 Post St. 


In prlving for positions advertised by the Serv- 
ice, the applicant see. if actually placed in @ 
position } cme 9 ro 4 ice as a result of these 
advertisements, to I t fee in accord: 
with the rates as listed by the Service. These rates 
have been established in order to maintain an 
efficient, non-profit personnel service and are avail- 
able upon request, This also applies to registrants 
whose notices are placed in these columns. 

Apply by letter addressed to the key number 
and mail to New York Office. When making ap- 
7 for a position include six cents in stamps 
‘or ano od application to the employer and - 
y. A weekly bulletin of 
camberaion sodiiens open is available to members 
of the co-operating societies at a subscription rate of 
— per quarter or $12 per annum, payable In 
advance. 

















Men Available 


ELEC ENGR, M.S.E.E., 36, married, 2 children; 
directed factory elec motors and other elec items. 
Projected and supvd important theatrical and lighting 
installations, etc. Patents, publcations, lectures in 
field. Spanish, French, Italian, Portuguese. Will locate 
anywhere in U.S. Available for interviews. E-848 


Positions Available 


ELECTRONIC ENGINEERS. (a) Electronic Engi- 
neer, B.S., in electrical engineering, with advanced 
studies in radar, with about five years’ experience, to 
perform design and development engineering in connec- 
tion with microwave systems. Design necessary circuits, 
build and supervise constructions of breadloads and 
models. Perform testing. Salary, $6950-$7380 a year. 
(b) Electronic Engineer, B.S. in electrical engineering, 
with some advanced studies in circuit design and about 
five years’ experience in development and Socign of elec- 
tronic mechanical equipment involving use of switching 
circuits, servos, photocells, infra red and pertinent 
amplifiers. Salary, $6950-$7380 a year. (c) Electronic 
Engineer, graduate, with two to six years’ experience in 
development work in millimeter wave electronic equip- 
ment. Salary, $6950-$7380 a year. Company pays 
placement fees. Location, New York Metropolitan 
area. W-2682. 


MAINTENANCE SUPERINTENDENT, 30-45, me- 
chanical or electrical engineering degree or practical 
equivalent. Experience in all phases of maintenance 
supervision in an industrial plant, Knowledge and ex- 
perience in planned preventive maintenance rather than 
trouble shooting highly desirable. Must have sufficient 
practical background to be able to instruct personnel in 
the mechanics of equipment ~~ i maintenance 
Salary open. Location, Ohio. 589. 


ELECTRICAL ENGINEER to act as assistant to engi- 
neer in charge of design and development, of electrical 
components used in precipitators, do testing via high 
voltage electricity, write specifications, selection and 
leasing of materials necessary for particular projects. 
Possibility of instructing plant personnel and starting up 
operations of these units where it would be necessary to 
go into the field. Sometraveling. Salary open. Head- 
quarters, New York, N. Y. W-2704. 


ENGINEERS. (a) Senior Electronics Engineers to act 
as project engineers; B.S. or M.S. in electrical engineer- 
ing, with a minimum of four years’ design and develop- 
ment of electronic circuitry. Prefer background in radar, 
fire control, computers or nucleonics. Ability to direct 
work of junior engineers and technicians. (c) Physicist, 
M.S. or Ph.D. in physics, for research in nuclear instru- 
mentation. Prefer research background in nuclear 
instrumentation; radar or computer experience satisfac- 
tory. Location, Massachusetts. W-2724. 


SALES ENGINEER, electrical graduate, with experi- 
ence in selling electrical and electronic measuring equip- 
ment for manufacturer of laboratory and industrial elec- 
tronic and electrical measuring equipment. Location, 
New York, Washington, D. C., Cleveland, Chicago and 
Los Angeles. W-2728. 


COORDINATOR OR GENERAL MANAGER for 
electric power, public markets, slaughter houses and 
water supply. Salary, $8100 in American money, plus 
a car onl ie services of a chauffeur. L ocation, Colom- 
bia, S. A. F-2747 
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SENIOR ELECTRICAL ENGINEER, 30-50, B.S. 
electrical engineering, D.C. and A.C., with experience 
in plant maintenance and ten or more. years’ experience 
in rolling mill or related equipment. Duties will involve 
layout of electrical installations, requisitioning of equip- 
ment, drawing of general arrangements, work out new 
or modified control schemes for all rolling mill equip- 
ment and process paper work concerned, Salary open 
Location, State of Washington. W-2758. 


PHYSICIST, B.S. degree, with specialization in physics 
and/or chemistry; with some knowledge of solid state 
physics and a thorough grounding in general physics, to 
apply recent advances in solid state physics; knowledge 
of fundamental behavior of metallic rectifiers, toward 


the improvement of existing rectifiers and the develop- 
ment of new processes and procedures for manufactur- 
ing. Location, Pennsylvania. W-2763. a 


PROJECT ENGINEER, graduate electrical or mechan- 


ical, for research department working on product de- 

velopment and testing for company manufacturing 

pumps, gauges and oo [—. Salary open. 
cation, Massachusetts. 

MARINE ELECTRICAL DESIGNER with at least 


five years’ power, light or communication wiring and 
equipment layout experience. Salary, $7800-$9100 a 
year. Location, New York, N.Y. W-2769. 


o « 
INSTRUMENT ENGINEER for research and develop- 
ment, for company manufacturing pressure temperature 
flow and electrical instruments. Witt work with tech- 
nical sales engineers in promotion of instrumentation, 
articularly in the field of aircraft. Salary, $8500- 
10,000 a year. Location, Pennsylvania. W-2780 


SALES AND APPLICATION ENGINEER, B.S. in 
electrical engineering and training in electronics and 
servo mechanisms. Must have good technical knowl- 
edge. Company manufacturers voltage regulators, fre- 
p manage regulators, magnetic amplifiers, selenium recti- 
ers and electrical controls used in utilizing magnetic 


. 
amplifiers. Salary $6000-$7200 a year. Company will 

pay placement fee. Location, New York Metropolitan 

Area. W-2801. 

EXECUTIVE ENGINEER, engineering or engineering 


physics degree, preferably graduate training in electro E.E., M.E., Chemists, Physicists, Metallurgists 


or electro-mechanical work, to supervise a department 
with approximately 200 engineering personnel in which 


work is carried from prototype development into pro- ‘ . eP ‘ . 
duction engineering. Must have a capacity to supervise Here are some jobs available with General Motors 


work involving computer techniques and recent develop- leading electronics division, with exceptional perma- 
ment in electronic circuitry. Salary, $16,000-$21,000 a ona ” 
year. Location, Pennsylvania. W- 3802. nent opportunities for advancement in research and 
re a ; engineering fields. 

RESEARCH ENGINEER, graduate electrical, prefer- 8 8 
ably in high-voltage engineering; sound mathematical 


background, to supervise research and development . ° ° . ae d . 
work in electrical cer of a small electrical manu- Transistor application Tool design: machine, 


facturing company specializing in electro-mechanical die cast dies 
audio frequency responsive devices, and in the measure- Vacuum tube and asso- 


ment of a-c and d-c characteristics of dielectrics. Loca- ciated apparatus : i. 
tion, Pennsylvania. W-2804 Time and motion study 
Mechanism desi : 
TEACHING PERSONNEL for electrical engineering d gn " . . 
department. Degree and — ience will determine rank Circuit design Electronic engineers for 
and salary. Location, South. W-2825 . field service instructors 
. P P . 

TECHNICAL EDITOR, electrical graduate, with at T est equipment design ( sar furnished — travel) 
leave five years’ specification, technical writing and edit- and development 


ing experience in industrial electronic control fields. . _— <¢ < 
Salary, $7000 a year. Location, New York, N.Y Manufacturing process, a | = metal 
-ves anage 


W-2833 mechanical engineers vi BS 
CHIEF ENGINEER, graduate, 40-45, mechanical plus . Caen) 
some electrical experience, for a large firm of consultants Manufacturing process, . —_ 
Should also have business background and ability to electronic engineers Technicians 
meet customers. Salary, $12,000-$15,000 a year 
Location, Massachusetts. W-2858 


Po ein ‘ lf you desire achievement and advancement in the old- 
CHIEF ENGINEER for company engaged in the manu- . wy e = - 
facture of highly specialized rotating electrical equip- est electronics division of General Motors, with 20 
ment; motors range in sizes from fractional to 50 h.p, NY ag j Yi rahi ; are i este. Te 
and generators from 3 watts to 30 KW’s. Salary. “years of a be hind it, You are invited to write 
$12,000 a year. Location, Connecticut. W-2869. at once. Give information on education, experience, 
DESIGNERS, electrical, mechanical and electronic; military duty and personal data. Letters held in com- 
college degree; minimum of four years’ experience plete confidence. Relocation expenses paid to pleasant 
Salary, $8000 a year, plus $56 per diem allowance for a . : . es 

) l Indiana community with fine schools, excellent living 


week. Comgony sa wil ah” placement fees. Location, Pe 
Syracuse, N conditions and many other advantages. Outstanding 


DESIGNER, electrical, with apetenes in power and General Motors employe benefits are included. 


—_ for building and some distribution experience. 
ill be required to make trip overseas but will work on 
board in the United States. Salary, $7800-$8200 a 
year. Headquarters, New York, N.Y. W-2884. ; 
Address: Personnel Director, Department VV 
ENGINEERS. (a) Design Engineer, graduate electrical, 
with experience in magnetic control, high voltage and 


circuit design. Salary, $8000-$10,000 a year. (b) 7 
Junior Engineer, electrical, to do some design and labora- 
tory installations in magnetic control and magnetic com- 
ponents. Salary open. Some travel. (c) Junior Engi- 


neer, electrical, for headquarters sales work in electrical GEN ERAL 
control equipment. Salary open. Locations: (a, b), DIVISION OF 
Connecticut; (c) New York, N W-2887. MOTORS 


N.Y. 
ELECTRICAL ENGINEER, graduate, 32-37, who GENERAL MOTORS 


has had experience in subdivision work and shopping 
centers. ill take charge of electrical department on KOKOMO, INDIANA 
layout of electrical distribution systems, electrical wiring 
in residences, etc. Will also be in charge of field super- 
vision. Will act as liaison with public utility, etc. 
Salary open. Location, eastern Pennsylvania. W-2900 





(Continued on page 94A) 
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With 16 years leadership in the vital field of 
missile research and development, Northrop Aircraft 
offers unusual opportunities for advancement in 
the categories listed below. Here you can apply your 
skill and ability on the pilotless Snark SM-62 
A-bomb carrier; on Northrop's new long-range 
interceptor project; and on numerous other weapon 
system assignments. Where better could you be, 
and grow, than with a pioneer? There’s an inter- 
esting position for you in one of the following groups: 


FIRE CONTROL RADAR 
INSTRUMENT SYSTEMS 
INSTRUMENTATION 
SYSTEM ANALYSIS 
SYSTEM INTEGRATION 


ANTENNAS 


Electrical Group, which is responsible for the 
design of such things as power generation and 
distribution systems, rectifiers and power 
converters, and auxiliary systems as applied to 
manned aircraft, guided missiles and 

ground support equipment. 


Communications and Navigation Group, which is 
responsible for the design of C/N systems in manned 
aircraft and installation of guidance systems in 
missiles. Considerable research effort is devoted 

to air-borne antennas and the elimination of radio 
interference in C/N systems. 


Fire Control Radar Group, which is responsible for 
the installation and application of the most 

advanced type of fire control systems in fighter- 
interceptor aircraft. The work covers the 
installation of the equipment and associated wiring; 
continuing liaison with equipment manufacturers; 
preparation of system analysis and reports; and 
follow-up of system performance in the field 

as aircraft become operational. 


Instrument Group, which is responsible for the 
design of instrument systems for manned aircraft 
and the installation of flight test instrumentation 
for guided missiles. Typical systems for which the 
group is responsible include: Flight Instruments; 
Engine Instruments; Instrument Panel Design; 
Automatic Pilots and Augmenters; Fuel Flow and 
Quantity Systems; and integrated 

Electronic Instrument Systems. 


All four basic groups originate their basic design 
and layouts, prepare production design releases and 
originate all types of tests to support flight, 
design and production requirements. 


There are now a number of openings available for 
engineers in each of these groups at all experience 
levels. Too, there are opportunities for draftsmen 
with either electrical or mechanical experience. 


If you qualify for any of these challenging 
opportunities, we invite you to contact 
Manager of Engineering Industrial Relations, 
Northrop Aircraft, Inc., Hawthorne, California, 
or call ORegon 8-9111, Extension 1893. 


NORTHROP AIRCRAFT, INC. 


PIONEERS IN ALL WEATHER AND PILOTLESS FLIGHT 
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Personnel Service, Inc. 
(Continued from page 93A) 


TECHNICAL SALES ENGINEER, electrical gradu- 
ate or chemical engineer with experience in the electrical 
insulating field; must have a high degree of mechanical 
aptitude. Company manufactures electrical insulating 
cable cloth and cable type slot insulation, varnished 
tubing, etc. Salary open; plus fringe benefits. Loca- 
tion, New Jersey. W-2915. 


PRODUCT DESIGNER, 26-40, with two years’ experi- 

ence in related fields, relay, electro-magnetic or similar 

gadgets. Duties will include design and development of 

relays, solenoids and traction magnets for a manufac- 

turer of mechanical components. Employer will pay 
lacement fee. Salary, $6000-$8500 a year. Location, 
fassachusetts. W-2917. 


ELECTRICAL ENGINEERS, senior assistant and 
junior, graduates, for electrical design, distribution and 
transmission systems for public utility power plants 
Salary open. Location New York, New York. W-2918 


PUBLICATIONS ENGINEER, electrical graduate, 
23-45, with three years’ experience in circuitry, etc. of 
communications equipment. Knowledge of electronics 
equipment circuitry and theory. Will prepare hand- 
books covering latest in electronics and communications 
equipment. Work with design engineers and also with 
editing staff in preparation of above. Engineering 
knowledge of primary importance; ability to write de- 
sirable but can be developed. Salary, $5200-$6500 a 
year. Employer will negotiate fee. Location, Illinois 
C-4366 


SUBSTATION SUPERVISOR, electrical or mechani- 
cal engineer; knowledge of nuclear physics necessary 
Will train for position in nuclear power group. Meeting 
with nuclear power group and assimilating all informa- 
tion possible to become a specialist in this field. Position 
is with gas and electric utility. Salary, to $7200 a year 
Location, Illinois. C-4372 


STAFF CONSULTANT, electrical graduate, to 45, with 
at least seven years’ experience in administrative work 
in electric utility. Knowledge of power plant operations 
Will be power plant staff consultant to utility clients on 
operation problems, equipment, layout, distribution, 
budgets and administrative problems. Short trips 
Salary, $12,000-$15,000 a year. Employer will pay fee 
Headquarters, Chicago, Illinois. C-4376 


SALES MANAGER, electronics, electrical graduate, 
30-45, with a knowledge of electronic transformers and 
metal film potentiometers. Will set up and direct sales 
and advertising programs for direct sales and manufac- 
turers’ agents to handle precision transformers. Must 
be able to handle own sales and all phases of programs 
until growth warrants help. Salary, $12,000-$15,000 a 
year. Location, California. C-4392 


TEST ENGINEER, degree, 25-45, with three years’ 
airframe experience. Should know airframe or missile 
Will supervise engineering testing of experimental na- 
ture including flight tests, aircraft systems and compo- 
nents, both in aircraft and on ground and on special 
bench or test vig setups. Responsible for test procedure, 
proper instrumentation, data reductions and reporting 
test results and design any special test equipment or 
fixtures needed. Interpret specifications, outline and 
conduct tests. Possible travel. Salary, to $9300 a year 
Employer will pay fee. Location, Kansas. C-4403. 


ELECTRICAL ENGINEERS, graduates, 25-45, with 
three years airframe experience; knowledge of airframe 
or missile. Will normally work on electrical portions of 
aircraft, missiles, targets, generators, radar and radios; 
some mechanical design; schematic and wiring diagrams 
of entire aircraft, arrange installation of electrical equip- 
ment, make electrical load analysis, both estimated and 
actual, write specifications, select equipment and super- 
vise and write test results. Possible travel. Salary, to 
$9300 a year. Employer will pay fee. Location, Kansas. 
C-4404 


COMPUTER ENGINEER, graduate, electrical, 25-45, 
with three years’ airframe experience. Knowledge of 
airframe or missiles. Will be required to solve various 
mathematical engineering problems by use of analog and 
digital computer. Study types of problems arising in 
preliminary design, aerodynamics, structures, etc. to 
suggest ways and means of solution Possible travel 
Salary, to $9300 a year. Employer will pay fee. Loca- 
tion, Kansas. C-4411, 


MANUFACTURING ENGINEER, up 45, with at 
least three years’ experience in design and manufacture 
of small electro-mechanical devices Knowledge of 
tooling and manufacture of small precision devices. Will 
coordinate engineering, sales and manufacturing modi- 
fications to basic line of about 100 standard types to 
meet special customer requirements, supervise refrigera- 
tion panel design and converting engineering design to 
production drawings and maintain engineering stand 

ards. Company manufactures controls. Salary, $8000 

$12,000 a year. Employer will pay the fee. cron 
Indiana. C-4427. 


PROJECT ENGINEER, to 50, to create designs of elec- 
trical and mechanical nature with full responsibility for 

rojects from conception to tooling and into production 
Furnish information for specifications, processes and 
sales catalogs. Company manufactures controls. 
Salary, $7000-$11,000 a year. Employer will pay fee. 
Location, Indiana. C-4428. 
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DESIGNER, Rotary Equipment, electrical graduate, 
with at least three years’ experience in the design of 
motor alternators. Knowledge of speeds and frequency 
controls. Will be required to design motor alternators 
and allied equipment for consultants of products 
Salary, $9000-$10,000 a year Location, Chicago, 
Illinois. C-4436 


DESIGN AND DEVELOPMENT ENGINEER, elec- 
trical graduate, with at least two years’ experience in 
development on magnetic amplifiers. Knowledge of 
amplifier applications, Will design magnetic amplifiers 
for consultants of products. Salary, $9000-$10,000 a 
year. Location, Chicago, Illinois. C-4437 


AREA PLANT ENGINEER, mechanical or electrical 
graduate, to 35; will consider recent graduate; will 
train for plant engineering work for manufacturer of 
paper. Salary, $5500-$6500 a year. Employer might 
negotiate fee. Location, Midwest. C-4440 


STAFF ENGINEER, degree, 30—40, with at least five 
years’ experience in industrial engineering in manufac- 
turing Racwieies of incentives and time study. Will 
be assigned staff engineering work on production prob- 
lems. ‘Traveling. Salary, $11,000 plus expenses. Em- 
ployer might ree fee. Headquarters, Chicago, 
Illinois. C-447 


MOTOR DEVELOPMENT ENGINEER, with at 
least three years’ experience in design and development 
of electric motors. Knowledge of all types of motors 
Will take charge of all motor design and development, 
circuits. Must be able to determine types and needs of 
< ustomer’s requirements. ( lompany manufac tures 
heaters. Salary, $7200-$8400 a year. Employer will 
pay fee. Location, Chicago, Illinois. C-4483. 


ENGINEER for quality control and related work; 
graduate electrical or mechanical, 30-45, with six to 
ten years’ experience in manufac turing quality control 
or general engineering. Will review engineering de- 
partment proposed designs and assist in setting quality 
standards anc specifications, plan prototype inspection 
requirements using applied statistical methods where 
warranted and economical; review inspection, test and 
field data and customer’s complaints to determine qual- 
ity problems and recommend corrective action; plan 
methods of testing company products and design the 
equipment for the work nore will negotiate fee 
Location, Wisconsin. C-452 


DESIGN ENGINEER, B.S. in mechanical or electrical 
engineering, with background in switchgear for heavy 
ower, for design, layout and development of circuit 
te akers and electrical controls. Will work as project 
engineers if qualified. Must have good knowledge of 
electrical engineering. Salaries open. Location, Cali- 
fornia. S-6 
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SENIOR — ASSISTANT AND 
JUNIOR ENGINEERS 
—COLLEGE GRADUATES 


Electrical Design — Public Utility Power 
Plants — Distribution and Transmission 
systems. 


ELECTRICAL Aa ENGINEERS— 
SENIOR & ASSISTANT—Strong back 
ground and experience in power system 
planning and economic studies 

ELECTRIC POWER STATION RELAY & 
APPLICATION ENGINEER—At least 5 
years experience—preparation design and 
specifications of relay protection for power 
systems. Allso for short circuit, power flow 
and stability studies. Knowledge of d-c and 
a-c network analyzer, operation and sym 
metrical components helpful 

ELECTRICAL ENGINEERS—SENIOR—A( 
least 10 years heavy design experience in 
steam and hydro plants and transmission sub 
stations. Knowledge of work on relay 
short circuit calculations and economic 
studies 

ELECTRICAL ENGINEERS — JUNIOR — 

Minimum 2 years experience—for electrical 
design of power stations and substations 
Also for general analytical work on relay, 
short circuit calculations and economic 
studies. 

ELECTRICAL I gions ENGINEERS 

—JUNIOR—3 years—SENIOR—8 years 
experience utility distribution work and 
studies 
Location New York—Permanent positions 
with established service organization for 
large group of utilities. Reply stating age 
education, experience, personal particulers 
and salary expected 


BOX 416 


ELECTRICAL ENGINEERING 
500 Fifth Avenue New York 36, N. Y. 











e Electrical Engineers 
e Physicists 


¢ Mathematicians 


LINCOLN 
LABORATORY 


SAGE (semi-automatic ground environment) 


AEW (air-borne early warning) 


WHIRLWIND COMPUTER 


SOLID STATE 


HEAVY RADARS 


MEMORY DEVICES 


SCATTER COMMUNICATIONS 


TRANSISTORIZED DIGITAL 
COMPUTERS 


If you are interested in participating 


in any of these programs address: 


Dr. M. G. Holloway, Director 
M.L.T. Lincoln Laboratory 
Lexington 73, Mass. 
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Goal for 1956 


VISIT 
HANNOVER 


The German Electrical 
Industries Exhibition 


The greatest market for investment 
and for consumer goods is only at 
the German Industries Fair, 


Hannover 
April 29—May 8, 1956 


Information and catalogues from: 


German-American Trade Promotion Office, Suite 6900, 
Empire State Building, 350 Fifth Avenue. New York 1, 
N. Y., Tel.: Wisconsin 7-0727, Telex: Ny 209 








TYPE RD 
DECADE 


A New Tool For Your 


Electrical Laboratory 
REACTOR| 


TYPE MAXIMUM AMPERES ee. 
|_NO. | at 60 Cycle | 0 10 OHMS | 0 100 OHMS | 0-1000 OHMS _ 
| RD 1 | 1 10.0 1.0 
RD 3 3 17.5 18 
RD 5 5 | 22.5 | 
<a i aie i = 4 


Provides a convenient means of setting up an 





adjustable reactive load. One of ten reactance steps 
may be selected by turning the rotary tap switch. 
Air gap type cores establish linear characteristics 
and eliminate stray fields. 


Write for Bulletin R-156 


HEVI DUTY ELECTRIC COMPANY 
MEAT TREATING FURNACES HEVIsDUTY ELECTRIC EXCLUSIVELY 
ORY TYPE TRANSFORMERS CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN, 
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In actual tests... 


International 


Selenium Rectifiers 


indicate life expectancy 


of 100,000 hours! 


LIFE TEST REPORT CURVE 
OPERATED AT. 28.75 V RMS PER CELL 
08 MA/SO. | 


28 





PERCENT OF IHITIAL OUTPUT-% 
os82288 


tt 


100 1,006 19,000 190,000 
HOURS OF OPERATION-> 


PERFORMANCE CHART 


The chart above graphically demonstrates the life ex- 
pectancy of International selenium power rectifiers. 
International manufactures a complete line of sele- 
nium and germanium power rectifiers, diodes, car- 
tridges, photovoltaic cells—the widest range in the 
industry! 


RIQAP APPROVED 


Manufactured under U.S. Army 
Signal Corps Reduced Inspection 
Quality Assurance Plan— RIQAP. 


International qualifies for this 
honor plan through years of con- 
stantly supplying products of 


More than 40 individual tests conducted 
in International’s Research Laboratories 
prove startling standards of life expectancy 
for your rectifier applications. Interna- 
tional Selenium Rectifiers indicate contin- 
ual operation for the equivalent of 12,500 
working days—up to 100,000 hours! 

This notable achievement is the result 
of creative imagination and productive 
skill used in International’s Research and 
Development program. To assure the suc- 
cess of each project, all recognized methods 
of production have been incorporated in 
International’s manufacturing facilities. In 


the production of selenium stacks, for ex- 


high quality, equal to or better 
than the Accepted Quality Level 
established by the Government. 


ample, either the pressed powder or the 
vacuum process can be used in accordance 
with the recommendations of the engi- 
neering department. Such versatility of 
production contributes to the most prac- 
tical solution for your rectifier application. 

76% of America’s foremost rectifier users 
specify International. Under the U.S. Army 
Signal Corps Honor Inspection Program — 
RIQAP — countless thousands of rectifiers 
have been produced to provide answers to 
specific applications. If you have a rectifi- 
cation requirement or problem, write to 
the Application Advisory Dept. for an ex- 


perienced and practical recommendation. 


international Rectifier 
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EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA ~ PHONE OREGON 8-628! 


A WORLD OF DIFFERENCE THROUGH RESEARCH 


TRAFALGAR 9 41CA 205 W. WACK 


THE WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC R 
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C-D-F SILICONES 


For high temperature electrical insulation 


1. COIL MOUNTING—GB-112S. Machined by C-D-F; sawed to shape, 








3. SHEET WASHER—GB-112S. Punched out, characters stamped. 


holes drilled, slot end-milled, large holes fly cut, characters stamped. 


2. AIRCRAFT TERMINAL BOARD—GB-112S. Customer fabricated 


5. SILICONE VARNISHED FIBER- 
GLAS TAPE made in uniform 
thickness, in a wide range of 
widths 


C-D-F SILICONE TAPES are recommended for 
Class H insulation. It’s been proved that silicone 
insulation has 10 times longer life than Class B in- 
sulation, even at the temperature limits of Class H. 
There are two types of C-D-F Silicone Tapes and 
Sheets (1) Silicone varnished fiberglas; (2) Silicone 
rubber fiberglas. Each has the following properties: 
@ High temperature resistance @ Resistance to moisture 


@ High dielectric strength @ High tensile strength 


@ Low dielectric loss @ Flexibility 

Both grades meet A.I.E.E. Standard for Class H 
insulation. They resist mild alkalis, non-oxidizing 
acids, mineral oils, oxygenated solvents. Silicone 
rubber fiberglas is recommended for many applica- 
tions requiring a flexible abrasion-resistant material 
with good thermal conductivity. C-D-F Silicone tapes 
and sheets are available in a wide range of sizes in 
continuous rolls. For complete details, write for 
Technical Bulletin +47. 
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4. COIL HOLDER—GB-112S. Cut from sheet stock, then sawed to 
shape, drilled in jig, slot end-milled. Work done by C-D-F. 


C-D-F SILICONE DILECTO LAMINATED PLASTIC 
Many of the parts illustrated were manufactured and 
fabricated by C-D-F ... 
ence, forward-looking engineering and modern facili- 


who has a wealth of experi- 


ties that can be put to work for you. C-D-F is a 
dependable source of supply for insulating materials, 
and is noted for its fair pricing, for producing high 
quality products on schedule. Why not call in a 
C-D-F sales engineer on your problem. Or, write for 
Technical Bulletins: 

#25—complete data on GB-261S, a fiberglas silicone 
laminate made of a staple filament woven fiberglas 
cloth and silicone resin in sheet form; +37—covers 
glass base silicone metal clad laminates; +42—post- 
forming grade of glass base silicone in sheet form; 
#23—GB-112S, fine weave continuous filament woven 
fiberglas with silicone resin, sheets, tubes, rods, 
molded shapes. 


See our general catalog in Sweet's Design File for more data, the address 
and telephone number of your nearest C-D-F sales engineer. Also, write 
for technical bulletin and specific catalog, free test samples, or send us 
your print for quotation. 


@ CONTINENTAL DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 


NEWARK 86, DELAWARE 
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NEW! 


Stripped-Down, 


Low-Priced 


aac 
MOTOR SPEED CONTROLS 


for /s, Y3 and 3%, hp 
D-C Motors on A-C Lines 


1/6th hp. Completely enclosed, with dynamic 
braking. Type 1703-BW: $97.50 


1/3 hp. Completely enclosed, with dynamic 
braking. Type 1700-CW: $145.00 


% hp. Completely enclosed, with dynamic 
braking. Type 1702-BW: $205.00 


The addition of three new stripped-down, enclosed 
models now makes the G-R line of these popular controls 
available in seven simplified units for controlling d-c 
motors from 1/15th hp to 144 hp. 


VARIAC® Motor Speed Controls Feature: 


Extreme Simplicity Exceptionally Long Life 
tially Maintenance-Free Operation 
Very Low Torque Pulsation 
for Fast and Repeated Starting 
Extra Fast Stopping and Reversing Smoothly Controlled 
Torque for Delicate Starting Operations Selenium Recti- 
fiers — No Electron Tubes — No Warm-Up Time — Controls 
Operate Instantly When Power is Applied ANY Speed 
Desired — Multi-Step Pulleys and Gears no Longer Needed 
User supplies switching for all the stripped-down 
models, and overload protection in addition on models 
through 3% hp. The | and 144 hp stripped down controls 
have thermal overload relays in the VARIAC case. Models 
under 1% hp rating do not include braking resistor. 
Switching is easily provided for all 
Among the simple arrangements are: 


Essen- 
Easy Installation 
Heavy Overload Capacity 

Dynamic Braking for 


requirements. 


Appliance-type switch with contacts to break a-c and 
d-c circuits simultaneously and also handle reversing and 
dynamic braking. Drum-controller type for heavy- 
duty machine shop operation. DPDT toggle switch, 
where reversing is never required, for starting and stop- 
ping with dynamic braking. Limit switch of the man- 
ual-resetting, snap-action type to stop a machine at a pre- 
determined point. Switch will stay in “Off’’ position while 
machine is being set up; reset button used for re-starting. 

All of the VARIAC Motor Speed Controls il 
lustrated are available in complete models 
Complete models are identical with the - 
stripped-down units with the addition of an 4 
A-B Drum-Type Controller. Smaller models 
have the switching mounted directly on the ij 
panels, and are equipped with panel-mounted > 
overload protection on) 
Accompanying prices are for 1 to 4 identical 4 S 


controls. Substantial discounts apply for 
larger quantities 


Write for the NEW MOTOR CONTROL BULLETIN 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts 


90 West Street NEW YORK 6 


920 S. Michigan Ave. CHICAGO 5 


8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 
1150 York Road, Abington, Pa. PHILADELPHIA 


1000 N Seward St. LOS ANGELES 38 


1/15th hp and smaller. Not 

equipped with dynamic braking re- 

sistor. Designed to be built into 

equipment. No dust cover supplied. 
Type 1701-AKW 

(for d-c shunt-wound motors): $67.00 

Type 1701-AUW 
(for series or universal motors): $67.00 


1 hp. Completely enclosed, with dynamic 
braking. Overload breaker mounted in VARIAC 
control. Type 1704-BW: $308.00 


1% hp. Completely enclosed, with dynamic 
braking. Overload breaker mounted in VARIAC 
control. Type 1705-BW: $358.00 
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Inside of Types 1704-BW and 1705-BW showing convenient wal! 
mounting slots, ventilated dust cover and plainly marked wiring 
terminals. Dust cover readily removed for occasional maintenance 





RUNAWAY SHORT CIRCUITS can destroy property, halt production. The fire that started in 
this switchboard shut down power supply for 19 hours, damaged building, injured personnel. 


Obsolete Switchgear Can Cripple Your Plant 


Protect personnel, equipment, production— 
Modernize with G-E Metal-clad Switchgear 


Your switchgear is “‘obsolete’’ when potential short 
circuits exceed its interrupting capacity. Under these 
conditions it can literally explode. Are you sure you 
have adequate interrupting capacity? Chances are 
your plant electrical load has gone way up since your 
switchgear was originally installed. If so, you need to 
make a careful reappraisal of your switchgear install 
ation. Any compromise in protection here may turn 
out to be dangerous to personnel and expensive in 
terms of damaged equipment and lost production. 
That’s why you can’t afford less than the best. 


FOR THE BEST IN PROTECTION, modernize your 
switching centers with new General Electric Metal-clad 
Switchgear. A modern G-E installation works for you 
six ways to: 

reduce fire hazards to life and property 

reduced electrical hazards to personnel 

save delay in procuring obsolete renewal parts 

minimize service interruptions 

assure production continuity 

make future electrical expansion easy 
FOR COMPLETE DETAILS ask your nearest G-E Ap- 
paratus Sales Representative for Bulletin GEA-5664, 
or write to General Electric Company, Schenectady 
5, New York. 511-124 


GENERAL @@ ELECTRIC 


IMPROVED PROTECTION offered by a modern G-E metal-clad switchgear installation is 
your assurance of maximum personnel safety and production continuity. 


DRAMATIC TEST shows possible results of inade- 
quate interrupting capacity. 

















